
Agricultural Research Institute 

PUSA 





PROTOZOOLOGY 


11 


50 




zs A Pi-, in 


PROTOZOOLOGY 


V- 


A MANUAL 

FOR MEDICAL MEN, VETERINARIaI^^- 
AND ZOOLOGISTS 




BY 

C. M. WENYON 

C.M.G.. C.n.E. M.IL, B.S., B.Sc.(LnND.) 

lUUKCTOU-IN-CIIIKF OK Till! WELLCOME BUREAU OF SCIENTIFIC RESEARCH 
l OKMERLV I’ROTOZOOLOOIST TO I HE LONDON SCHOOL OF TROPICAL MEDICINE 


IN TWO \OLUMKS 

WI TH .>(),) ILLUS'I'RA’l IONS AND ‘20 COLOURKD PLATES 


VOL. II 



LONDON 

BAILLILRE, TINDALL AND COX 
8, henrip:tta strep:!', covent garden, w.r 2 
1926 



Pkinted in Great Britain 



CONTENTS TO VOL. II 


PART II — Continued 

SYSTEMATIC DESCRIPTION OF THE PROTOZOA, WITH SPECIAL 
REFERENCJE TO PARASITIC AND COPROZOIC YOHMS^Continued 


PHYLUM: PROTOZOA -Continued 

A. SUB^PJIYLUM : PLASMODROMA— 

IV. CLASS : SPOROZOA 779 

Classification -------- 779 

SZTB-CLASS : Coccidiomorpha - - - 783 

Description of Types of the (-occidiida and Adeleida - - - 783 

Order : COC(HDIIDA - - - - - 796 

Suh-Order : Eimeriidea - . - - 790 

Family : SELENOCOCcmiiDiE - - - 801 

Family : cryptosporidiid^- - • - 801 

Family : eimeriid^. ----- 803 

Sub-Family : cyclosporine - - - 804 

Sub-Family : isosporine . - - - 806 

Isospora in (Lats and Dogs ----- 808 

Isospora in Man - - - - - - - 819 

leospora in Other Mammals ----- 824 

Isospora in Birds ------ 824 

Isospora in Cold-Blooded Vertebrates - - - 826 

Sub-Family : eimeriine - - - - 828 

Eimeria in Rabbits and Hares - . - - 830 

Eimeria in Cattle ----- ^ 842 

Eimeria in Sheep and GtOATs ----- 843 

Eimeria in Pigs ------- 844 

Eimeria in (Uts and Dogs ----- 846 

Eimeria in Rats, Mice, and Other Small Mammals- - 848 

Eimeria in Man ------- 851 

Eimeria IN Other Mammalia ----- 855 

Eimeria in Birds ------ 856 

Eimeria in Cold-Blooded Vertebrates - - - 859 

Eimeria in Invertebrates - - - - - 861 

Sub-Family : barrouxiine - - - 862 

Sub-Family : caryosporine - - - 865 

Sub-Family : pfeifferinelline - - - 865 

V 



VI 


CONTENTS TO VOL. II 


I’AOE 

Family : caryotkopiiid.k - - - - 867 

Family : AGGREfiATiDAi . - . 860 

F'am.ily : lankksteiielltg.e - - - - 876 

Sah-Family : sciiellackttn.e - - - 876 

i^uh-F'amtly : t.ankrsterellina-: - - - 87S 

Sub-Order: Haemosporidiidea - - - 881 

Family: ii.emoproteid.e _ . _ - 883 

Genus : Haemoproteus - - - - 885 

II aamoproteus of Birds - - - - - - 888 

II asmoproteus of Cold-Blooded Animals ... 897 

Genus : Leucocytozoon - - - - 903 

Family : plasmodtid.e . . _ _ 908 

Historical Account of the Discovery of the Malarial Barasite of 

Man, and its Development in the Mosquito . _ . 900 

Ltfe-(-ycle of Parasites of Malaria - - - - - 911 

Systematic Description of Species of Plasmodium. - - - 924 

Plasmodia of Man 924 

Mixed Infections with More than One Species of Malarial Parasite 944 
Differential Diagnosis of Malarial Parasites of Man - - - 945 

Doubtful Species or Abnormal Forms of Human Malarial Parasites 948 
Theory of Unity of Malarial Parasites . . . . 953 

Possibility of Animal Reservoir— Susceptibility of Man and Animals 

TO Inoculation 954 

Pathology of Malarial Infections - . . . . 955 

Factors which influence the Development .\nd Survival of Malarial 

Parasites in Mosquitoes 958 

Anopheline Carriers of Malaria ------ 962 

Cultivation of Malarial Parasites ----- 967 

Plasmodia of Monkeys ----- 968 

Plasmodia of Bats and Other Small Mammals - - 973 

Plasmodia of Large Mammals ----- 975 

Plasmodia of Birds - - - - - - 977 

Plasmodia of Lizards ------ 982 

Action of Drugs on Malaria Parasites - - - - - 983 

Sub-Order : Piroplasmidea - . - - 985 

Family • babesiid.e - - - - - 992 

Babesia of Cattle ------ 992 

Babesia of Sheep and (toats ----- 1004 

Babesia of Pigs ------- jOOg 

Babesia of Horses and Other Equidje - - - jocg 

Babesia of Dogs - - - - - - -1011 

Babesia of Small Mammals ----- 1022 

Babesia of Monkeys ------ 1027 

Babesia of Antelopes and Other Animals - - - 1027 



CONTENTS TO VOL. II 


vii 

rAOE 

Cultivation of Babesia ------- 1028 

Family : tiieilkkiidje - - - - 1029 

Theileria of Cattle - - -- - - - 1029 

Theileria of Sheep, (tOAts, and Other Animals - - 103(5 

Action of Drugs on Babesia and Theileria _ - - - 1038 

Supposed Theileria of Man- - - - - - “ 

Unpigmented Parasites of the Red Cells of ('old-Blooded Animals - 1039 

Parasites of Doubtful Nature ------ 1041 

Toxoplasma - - ^ - - 1041 

Elleipsisoma ----- 1050 

Cytamoeba ----- 1050 

Pirhamocyton ----- 1052 

Intracellular Structures of Doubtful Nature - - - 1053 

Anaplasma ----- 1053 

Grahamella ----- 1056 

Bartonella ----- 1059 

Rickettsia ----- 1060 

Paraplasma ----- 1063 

Microsoma . - - - 1064 

Cingula ------ 1064 

Immanoplasma ----- 1064 

Globidiellum ----- 1064 

Haematractidium - . - - - ]()64 

Haemohormidium - . - - 1065 

Order: ADKDEIDA 1066 

Sub-Order : Adeleidea - - - - IO 66 

Family : dobeiajida-: - - - - 1067 

Family : legekelltile - - - - 1068 

; ADELEID.E _ - - - - 1069 

S ab-F am ily : wmuEmM - - - - 1069 

; KLOSSiiN/K - - - - 1072 

Sub-Family : GUAGAS,TA.hii:iJE - - - 1074 

F^amily : klossiellidas - - - - 1076 

Sub-Order: Haemogregarinidea - - - B^bO 

Family : H-EMOGREGARINID^ - - - 1081 

Family : hepatozoid-E - - - - 1085 

.• KART OLY SID. E - - - - 1095 

H.emogregartnes IN General - - - - ~ - 1101 

liA 2 MOGREGARINES OF AQUATIO RePTILES AND AmPIIIBTA - 1104 

H;emogregartnes of Fish - - - ~ - 1106 

H-emogregarines of Land Reptiles - - - - 1109 

HiEMOGREGARTNES OF MaMMALS AND BIRDS - - - 1110 

Supposed Hjemogregarines of Man, Monkeys, and Ox - - - 1113 



Vlll 


CONTENTS TO VOL. II 


Sporozoon of Undetermined Genus in Human Spleen - 

SUB-CLASS : Gregarinina 

Order : SCIIIZOGREGAKTNIDA 
Order : EUGREGARINIDA 

Gregarines of Blood-Sucking Arthropoda 
Relation of the Gregarinina to the Coccidiomorpha - 

B. 8UB-FHYLUM : GILIOPHORA - - - - 

GROUP ] : PROTOCILIATA . - - - 

V. OPALINATA . . - - 

GROUP 2 : EUCILIATA - - - - - 

VI. CLASS : CILIATA 

SUB-^CLASS : Aspirigera 
Order : HOLOTRICHIDA 

Suh-Order : Astorratea . . . 

Sub-Order : Stomatea ---- 

SUB-CLASS : Spirigera - - - - 

Order : HETEROTRTCHIDA - 
Nyctotherus in Man ------- 

Nyctotherus in Animals ------ 

Balantidium in Man ------- 

Balantidium in Animals ------ 

Order : OLIGOTRICHIDA 
Order : HYPOTRICIIIDA 
Order : PERITRICHIDA 

VII. SUCTORIA - . - . 

PART III 
SPIROCHiETES - 

General Account of Structure, Affinities, and Nomenclature - 
Free-Living SpiRocn^.TES ------ 

Genus : Spirochseta - - - 

Parasitic Spirochetes ------ 

Genus : Cristispira - - . 

Genus ; Treponema ... 

Spirochetes which occur chiefly in the Blood 

Blood Spirochetes of Man - - - . 

Blood Spirochetes of Cattle 


PAGE 

- 1117 

- 1117 

- 1125 

- 1138 

- 1148 

- 1151 

- 1153 

- 1153 

- 1153 

- 1160 
- 1160 

- 1163 

- 1163 

- 1164 

- 1175 

. 1197 
. 1197 

- 1198 

- 1199 

- 1201 
- 1210 

- 1211 
- 1221 
- 1222 

- 1225 


- 1233 

- 1233 

- 1237 

- 1238 

- 1239 

- 1239 

- 1241 

- 1244 

- 1244 

- 1257 



CONTENTS TO VOL. II ix 

PAGE 

Blood SpiroghvEtes of Horse ----- 1258 
Blood Spirochetes op Sheep - - - • 1259 

Blood Spirochetes op Pics ----- 1259 
Blood Spirochetes op Other Mammals - - - 1259 

Blood Spiroche:tes of Birds ----- 1261 
Blood Spirochetes of Cold-Blooded Vertebrates- - 1267 

Spiroche:tes which occur chiefly in the Tissues - - - - 1267 

Tissue Spirochetes of Man ----- 1267 
Tissue Spir()Che:tes of Animals - . - - 1272 

Spirochetes of the Alimentary, Eespiratory, and (tenito-Urinary 

Tracts 1272 

Forms in Man and Other Vertebrates - - - 1272 

Forms in Invertebrates ----- 1275 
Genus : Leptospira ~ - - -1276 

Parasitic Spirilla -------- 1285 


PART IV 

METHODS OF TN'VESTIGATION AND RULES OF NOMENCLATURE - 1289 

Methods of Investigation ------- 1291 

1. Protozoa - - - - - - - - 1291 

2. Spirochetes - - - - - - - - 1331 

Rules of Nomenclature ------- 1330 

PART V 

BLOOD PARASITES OF VERTEBRATES AND TRYPANOSOMID./E OF 


INVERTEBRATES - - - - 1351 

1. Vertebrate Hosts of Blood Parasites - - - - 1353 

2. Invertebrate Hosts of Trypanosomid-e - - . - 1402 

PART VI 

REFERENCES TO LITERATURE - - 1413 

Protozoa -------- 1415 

Spirociiactes ------- 1503 


Index - 


1515 



PART II 

SYSTEMATIC DESCRIPTION OF THE PROTOZOA 

WITH SPECIAL REFERENCE TO PARASITIC AND COPROZOIC FORMS 


{Continued) 



IV. CLASS: SPOROZOA Leuckabt, 1879. 

CLASSIFICATION. 


CLASS; SPOROZOA 
SUB-CLASS; Coccidiomorpha 

Order: COCCIDIIDA 
S uh-( >rder : E i m e r i i d ea 

FamiJy: SELENOCOCCIDIID^ 

. , CR YPTOSPORIDIID^ 

,, EIMERIID^ 

Suh~F((mily : cyclosporin.e 
, ' ISOSPORIN.E 

,, EIMERIIN^ 

,, BARROUXIIN.® 

(3ARYOSPORIN^ 

,, PFEIFFERTNETXIN-E 

Family : CARYOTROPHIDJ5 
,, AGGREGATION 

.. LANKESTEKELLIDN 
Sab-Family : schellackiin /E 

,, EANKESrERELLINN 

Sub-Order : Haemosporidiidea 
Family: IINMOPROTEIDN 
Geaus : Haemoproteus 
»» Leucocytozoon 

Family : PLASMOOIION 
Sub-Order: Piroplasmidea 
Family: BABESIIDN 
„ THEILERIIBN 

Parasites of Doubtful Nature 

Toxoplasma 
Elleipsisoma 
Pirhaemocyton 
Cyt amoeba 

Structures of Doubtful Nature 

Anaplasma 

Grahamelia 

Bartonella 

Rickettsia 

Paraplasma 

Microsoma 

Cingula 

Immanoplasma 

Globidiellum 

Haemotractidium 

Haemohormidium 


Order: ADELEIDA 
Sub-Order: Adeleidea 

Family: DOBELLIIDN 
,, LEGERELLIDN 

M ADELEIDN 

Sub-Family : adeleinas 
,, KLOSSIINN 

,, CIIAGASELLINN 

Family: KLOSSIELLIDN 

Sub-Order: Haemogregarinidea 

Family : HNMOGREGARINIDN 
HEPATOZOIDN 
„ KARYOLYSIDN 

SUB-CLASS : Grcgarinina 

Order: SCIIIZOftBECTABINIDA 

Genus: Ophryocystis 
Schizocystis 
Caulleryella 
Lipotropha 
,, Menzbieria 
Porospora 
,, Spirocystis 
,, Selenidium 
,, Merogregarina 

Order: EUGREGARINIDA 

Sub-Order: Acephalinidea 

Family: monooystidn 
„ lankesteriidn 

Sub-Order: Cephallnidea 

Family : GREGARINION 
„ RTENOPHORIDN 

„ didymophyidn 
,, dactylophoridn 
„ actinocephalion 
„ stylorhynchidn 
„ OOLIOOYSTIDN 


779 



780 


CLASS: SPOROZOA 


The class Sporozoa includes Protozoa, which are exclusively parasitic 
in habit, and which live in the cells or body fluids of vertebrate and 
invertebrate animals. Leuckart (1879), to whom the name Sporozoa is 
due, included in the class only the coccidia and gregarines, but later 
observers extended it to embrace other groups. Schaudinn (1900) finally 
divided the Sporozoa into two sub-classes — the Telosporidia, to include 
the gregarines, coccidia, and hsemosporidia; and the Neosporidia, to 
include the Myxosporidiida, Microsporidiida, Actinomyxidiida, and Sarco- 
sporidia. Though the members of both these sub-classes produce resistant 
spores, those of the former are not homologous with those of the latter, and 
it is clear that their affinities are not sufficiently close to justify their 
inclusion in the same class. Hartmann (1907), recognizing this discrep- 
ancy, established two classes, for which he employed Schaudinn’s names, 
Neosporidia and Telosporidia. As Leuckart (1879) founded the class 
Sporozoa to include the coccidia and gregarines, which are the members 
of Hartmann’s class Telosporidia, tliere seems to be no reason why 
Leuckart’s name should not be retained. Accordingly, the class Sporozoa 
will be regarded as including the coccidia and gregarines, together with 
the blood -inhabiting haemosporidia and haemogregarines, which are un- 
doubtedly derived from and closely related to the coccidia. 

The various members of the class Sporozoa, as the name implies, 
produce at some stage of their development resistant spores within which 
occur one or more sporozoites, the actual infective forms. The latter, 
protected by the resistant capsule of the spore, are responsible for the 
carriage of an infection from one host to another. The term spore is, 
however, a very indefinite one, even apart from the fact that it is employed 
for resistant forms amongst bacteria and plants. If the term spore is 
regarded as being synonymous with the term sporocyst, as some writers 
maintain, then it would have to be admitted that some Sporozoa do not 
produce spores, though resistant encapsuled forms which are oocysts occur. 
On this account it is better not to employ the term spore as indicating any 
particular stage of development, and it will be used merely as a name for 
any resistant stage of a parasite. 

The life-cycles of many Sporozoa are characterized by an alternation 
of generations. A period of repeated asexual multiplication (schizogony) 
terminates in the production of gametes. The latter, by a process of 
conjugation (syngamy), give rise to zygotes, which multiply (sporogony) 
to form the infective stages (sporozoites), which are enclosed in resistant 
capsules. An alternation of hosts may also occur, in which case the 
asexual multiplicative phases may take place in one host and the sexual 
phases in another, while the infective forms, no longer exposed to the 
dangers of desiccation, may or may not be provided with a resistant 
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capsule, since they pass directly from one host to another without at any 
stage being outside the body of one or other host. The great majority of 
Sporozoa are intracellular parasites, at least during part of their growth 
period, and they obtain nourishment by absorption of the fluids of their 
hosts. The cells in which they live are, as a rule, irreparably damaged, so 
that they are to be regarded as definitely harmful organisms which are 
truly parasitic. In many instances the extent of tissue destruction, to 
which must be added the damage caused by soluble toxins, is so great that 
the health of the host is so seriously impaired that death may result. In 
other cases the damage inflicted is slight, and no noticeable change can 
be detected in the condition of the host. Frequently a balance is struck 
between the host and the parasite, and by continual reparation of the 
damage done the host may appear to be in perfect health. 

The infection of a new host is brought about by the introduction of one 
or more motile vermiform sporozoites, which almost always find their way 
to some particular type of cell, into the cytoplasm of which they penetrate. 
There they become more or less spherical, and commence growing by 
absorption of fluid nutriment at the expense of the cell. During the early 
part of the growth period the nucleus of the parasite remains single, but 
either during growth (Coccidiomorpha) or after growth is complete 
(Gregarinina), nuclear multiplication takes place by repeated mitotic 
divisions, followed by division of the cytoplasm into a number of daughter 
individuals corresponding with the number of nuclei. These daughter 
individuals are either all gametes, which by conjugation (syngamy) 
produce zygotes which give rise to sporozoites again, or they are merozoites, 
which become adults without conjugation. In the latter case the pro- 
duction of merozoites is repeated a number of times till finally certain 
merozoites grow into gametocytes, which break up into gametes. These, 
as in the first instance, give rise after conjugation to sporozoites. It will 
be seen that two alternatives occur. The sporozoite either grows directly 
into a gametocyte which produces gametes (Gregarinina), or it 
becomes a schizont which produces merozoites for several generations 
(Coccidiomorpha). The final merozoites then become gametocytes, 
which give rise to gametes. In other words, there is either a sexual 
reproduction alone or an alternation of asexual and sexual reproduction. 

In typical Sporozoa spore formation is associated with the process of 
conjugation or sporogony. The zygote resulting from the union of the 
male and female gametes becomes enclosed in a resistant cyst known as 
the oocyst. Within this it may divide directly into a number of sporo- 
zoites, so that the mature oocyst will contain a number of motile sporo- 
zoites and a residual body. On the other hand, the zygote may first divide 
into a number of separate bodies known as sporoblasts. These may become 
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encysted in secondary cysts called sporocysls, within each of which the 
sporoblast gives rise to a number of sporozoites and a residual body. In 
such cases the mature oocyst contains a number of sporocysts, each of 
which has sporozoites within it. When the zygote divides directly into 
sporozoites, the oocyst is known as asporocyslid, while if sporocysts are 
present, it is termed sporocysiid. If two, four, or more sporocysts are 
present, it is called disporocystid, tetrasporocystid, or poly sporocy slid. As 
regards the sporocysts, they are known as monozoic, dizoic^ tetrazoic, or 
polyzoic, according to whether there are one, two, four, or more sporo- 
zoites within each. Thus Eimeria schubergi, the coccidium of the centipede, 
which has oocysts containing four sporocysts, each of which has two 
sporozoites, is known as a dizoic tetrasporocystid coccidium. The ty])ical 
gregarines produce asporocystid oocysts, which contain eight sporozoites. 
The oocyst is typically seen amongst those Sporozoa which have only one 
host, and in which infection is spread by escape of the oocysts from the 
body. In such cases it is a highly resistant structure, which enables the 
contents to withstand drying or other adverse influences. Amongst those 
Sporozoa which have two hosts, and in which external exposure of the 
oocyst does not occur, the oocyst is not such a resistant structure, and is 
modified in various ways. 

SUBDIVISION OF THE SPOROZOA. 

Doflein (1901) divided the Sporozoa into two orders, the Coccidio- 
morpha and the Gregarinida (Lankester, 1800), but it seems better to 
raise these to the rank of sub-classes. 

1. SUn-('LASS : Coccidiomorpha. — The Sporozoa belonging to 
this sub-class are nearly always intracellular during the whole of the 
growing period. Asexual reproduction by repeated schizogony occurs, and 
gametocytes are eventually produced. The female- or macro-gametocyte 
gives rise to one female- or macro-gamete, while the male- or micro- 
gametocyte gives rise to a number of male- or micro-gametes, which are 
very much smaller than the macrogametes. Conjugation then takes 
place between gametes, which are very unequal in size (anisogamy). 

2. SUB-CLASS : Gregarinina. — The Sporozoa belonging to this 
sub-class are typically intracellular only at the early part of the growth 
period. They then leave the cell and develop into more or less elongate 
motile adults (gregarines). Asexual reproduction does not occur except 
in the small group of the Schizogregarinida. The adult gregarines, 
having developed directly from sporozoites, are therefore gametocytes. 
These, however, do not show that differentiation into male and female 
gametocytes which is a characteristic feature of the Coccidiomorpha. 
The gametocytes associate in pairs, and the two produce an equal number 
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ot gametes which are usually equal in size, though not always in character, 
since those arising from one gametocyte may be distinguished as female 
gametes, and those from the other as male gametes. Conjugation there- 
fore takes place between similar or dissimilar gametes (isogamy or 
aiiisogamy). 

1. SUB-CLASS : Coccidiomorpha Uoflein, 1901. 

The sub-class Coccidiomorpha includes two types of Sporozoa which 
differ in the method of conjugation. In one group (Coccidiida) the male 
and female gametocytes are of approximately equal size, and are not 
associated with one another. The male gametes are produced in com- 
paratively large numbers, since they may have to wander a considerable 
distance before discovering a female gamete which can be fertilized. In 
the other group (Adeleida) the male and female gametocytes are closely 
associated in {)airs (syzyijy) during at least the latter part of their growth 
period. The male gametocyte is much smaller than the female, and, in 
consequence of its close association with the female, it produces only a 
small number of male gametes. The Coccidiomorpha may thus be 
divided into two orders, the (UH^quiIDA and the ADKLEIDA. 

Description of Types of the Coccidiida and Adeleida. 

Jiefore proceeding further, it will be advisable to consider the life- 
history of Eimeria schuheryi and Adelea ovata, both of which are parasites 
of the intestine of the little centipede, Lithobius forficatus, and which may 
be taken as types of tlie two subdivisions of the Coccidiomorpha. 

Eimeria schubergi (Schaudinn, 1900). — This parasite, which was 
discovered by Hchaudinn, is of interest as being the first coccidium whose 
life-history was completely worked out (Fig. 337). Schaudinn's account 
is accurate on the whole, but, as pointed out by Schellack and Reichenow 
(1913), it is probable that his interpretation of the maturation process of 
the macrogametocyte was not correct, as also his explanation of the origin 
of the gamete nuclei in the microgametocyte from chromidia. 

The parasite occurs fairly frequently in the intestine of the common 
garden centipede, together with other coccidia, and it may be studied in 
the intestinal contents and in smears or sections of the gut itself. 

The centipede is infected in the first place by eating casually one or 
more oocysts which have escaped in the fsBces of an already infected 
individual. In its gut the sporozoites escape from the sporocysts, which 
split into two parts, and then, being free within the oocyst, they make their 
way through the micropyle, an opening or pore at the end of the oocyst 
wall (Pig. 337, 20 ). They move about by gliding, bending, and constric- 
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tion movements till they reach the surface of the gut epithelium. Each 
sporozoite, which measures 15 to 20 by 4 to 6 microns, then penetrates 
a cell, and becomes retracted to an ovoid mass of cytoplasm measuring 
about 16 microns in length and less than half this in diameter. There is a 
central nucleus consisting of a nuclear membrane on which chromatin 
granules are distributed, but, as in the nucleus of the sporozoite, there is 
no karyosome. The ovoid body grows rapidly, increasing in length and 
thickness, and at the same time a karyosome is developed within the 
nucleus, apparently from two substances — an achromatic material or 
plastin and chromatin. Growth is completed in about twenty-four hours, 
when the ovoid body becomes spherical and has a diameter of about 
20 microns. The single nucleus then divides into two, and by repeated 
divisions from thirty to forty nuclei are formed. In nuclear division the 
nucleus elongates, while the karyosome does the same. The latter becomes 
dumbbell-shaped, with one rounded end at each pole of the nucleus. 
The chromatin granules of the nucleus collect in two groups, one at each 
end of the elongating karyosome. The connection between the halves of 
the karyosome breaks down, and nuclear division is completed by constric- 
tion and division of the nuclear membrane. The nuclei arrange themselves 
on the surface of the parasite, and finger-like elevations of cytoplasm are 
formed, into each of which a single nucleus passes. These elevations 
increase in length, gradually absorbing the cytoplasm from which they are 
growing, till finally there is left a residuum of cytoplasm (residual body)^ 
to which are attached in a radiating manner a number of uninucleate 
bodies (merozoites)^ measuring about 15 microns in length and 5 microns 
in breadth. The whole of this growth and multiplication has taken place 
within the epithelial cell of the centipede’s gut (Fig. 337, 1-4). The cell is 
eventually reduced to a mere membrane, with its nucleus distorted and 
displaced to one side. As will be seen from this description, the schizont 
completes its growth before nuclear multiplication commences, and this 
feature has been supposed to be characteristic of the coccidia. Reichenow 
(1921a), however, believes that in E. schubergi nuclear multiplication 
commences before the schizont is fully grown, and that growth and 
nuclear multiplication take place simultaneously, as occurs in many other 
coccidia. The merozoites break loose from the residual cytoplasm to 
which they were attached, and lie free within the remains of the host 
cell. The latter ruptures, and the merozoites escape into the lumen of the 
gut. The merozoite differs from the sporozoite in being shorter and 
broader, in having a cytoplasm differentiated into an anterior vacuolated 
and a posterior denser area instead of being more uniformly vacuolated, 
and in having a karyosome in the nucleus. The merozoites are motile, 
like the sporozoites, and they penetrate fresh cells in a similar manner. 
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Here they again grow into adults, and reproduce as before. This process 
of multiplication is repeated a number of times till many parasites are 
produced. The growing form, whether derived from a sporozoite in the 
first place or from a merozoite, was termed a schizont by Schaudinn, and 
the process of multiplication terminating in the production of merozoites 
he called schizogony. The cytoplasmic mass to which the merozoites are 
attached is known as the residual body. The term “ schizont ” refers to that 
form which will ultimately reproduce by schizogony, so that the sporozoite 
or merozoite, when it has settled down in a host cell, is already a schizont, 
and one may legitimately speak of a young schizont, a half-grown schizont, 
or a schizont in which nuclear multiplication or merozoite formation or 
schizogony is taking place. Though the majority of fully-grown schizonts 
of E. schubergi are of the dimensions already given, a certain number do 
not attain this size. Very little growth may take place, and the number of 
nuclei produced may be as low as four, in which case only four merozoites 
are formed. Moreover, the merozoites, instead of being 15 microns in 
length, may be very much smaller (5 to 6 microns). 

After asexual multiplication has been in progress for about five days, 
during which four or five generations of merozoites have been produced, 
another process of development is initiated. Some of the merozoites, 
instead of growing into schizonts, become differentiated into two distinct 
forms — male- or micro-gametocytes and female- or macro-gametocytes. 
During its growth the microgametocyte is very similar to a schizont, and 
when full grown is of approximately the same size as the mature schizont 
(Fig. 337, 5-8). Instead, however, of nuclear multiplication taking place 
by repeated divisions, another process is described by Schaudinn. The 
karyosome discharges its chromatin granules into the periphery of the 
nucleus, while the nuclear membrane gradually disappears. The chromatin 
granules, now free in the cytoplasm as chromidia, pass to the surface 
of the parasite, leaving the remains of the karyosome at the centre. The 
granules collect into strings, and finally form a series of tangled groups of 
approximately equal size. Each group becomes more and more compact, 
and finally assumes a comma shape. The microgametocyte now has the 
appearance of a spherical mass of cytoplasm, over the surface of which are 
arranged a number of comma-shaped nuclei which stain very deeply. 
Finally, each nucleus is separated with a small amount of cytoplasm, 
and the microgamete results. It measures 6 to 7 microns in length and 
barely 1 micron in breadth. It is rounded anteriorly and tapering pos- 
teriorly, and is provided with two flagella, an anterior one which trails 
behind in movement and a posterior one which appears to be a continua- 
tion of the posterior end of the microgamete, but which in all probability 
arises from the blunt end and passes backwards to the tapering posterior 
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end over the surface of the body. The flagella are as long as or longer than 
the body. The microgamete corresponds with the spermatozoon of higher 
animals, and is destined to fertilize the female gamete when it escapes into 
the lumen of the gut after rupture of the host cell. The biflagellate 
nature of the microgametes of coccidia was first demonstrated by 
Wasielewski (1898) for the coccidium of the rabbit and a parasite of the 
centipede (probably E, lacazei). In the production of microgametes the 
bulk of the cytoplasm of the microgametocyte, together with the remains 
of the karyosome, is left over as a residual body, which degenerates. 
Considerable doubt, however, has arisen as to the accuracy of Schaudinn’s 
account of the development of the microgametocyte. Schellack (1912, 
1913) and Schellack and Reichenow (1913, 1915) have studied E, schubergi 
and other coccidia of the centipede, and find that the numerous nuclei 
which finally occur over the surface of the microgametocyte arise during 
its growth by repeated divisions of the original merozoite nucleus. No 
such process as the breaking up of the nucleus into chromidia and their 
condensation into a number of separate nuclei occurs. In the case of 
Isospom felis of the cat, the nuclei of the microgametes are formed by 
repeated mitotic divisions (Fig. 347, 12 - 15 ). 

The young macrogametocyte is formed from a merozoite, as in the other 
stages described above. In this case, however, growth proceeds more 
slowly, and the cytoplasm becomes charged with a number of refractile 
globules, which may measure as much as 2 microns in diameter (Fig. 337, 
9 - 11 ). The formation of this material in the cytoplasm differentiates 
the growing macrogametocyte from other stages. When fully grown, 
the macrogametocyte is an ovoid or bean-shaped body measuring about 
30 microns in length and 10 microns in breadth. Its cytoplasm is filled 
with globules of the refractile material (food reserve), while the nucleus 
with its karyosome is at the centre. It then contracts gradually, becomes 
spherical, and escapes from the host cell. At a certain stage in this 


1 . Entry of sporozoite into epithelial cell of centipede’s intestine. 

2-4 (Irowth of schizoiit and production of merozoites by schizogony. The merozoitcs enter 
other epithelial cells and repeat the cycle 1-4. 

5-8. Growth of microgametocyte and production of mierogametes. 

9-11. Growth of macrogametocyte. By the extrusion of the karyosome the macrogametocyte 
becom(‘s a macrogamete. 

12 Fertilization of the macrogaracte. 

13. The macrogamete nucleus is forming a spindle, at one end of which the microgamete 

nucleus lies. The oocyst has formed. 

14. The two nuclei have completely united owing to the distribution of the chromatin of both 

nuclei on the fertilization spindle. 

15. The fertilization spindle has retracted to form the zygote nucleus. 

lb- 17. Division of the zygote nucleus to form the four nuclei of the sporo blasts. It is probable 
that at the first of those divisions the number of chromosomes is halved. 

18. The sporo blasts have been formed and sporocysts secreted around them. 

19. Mature oocyst with four sporocysts, each with two sporozoites and a residual body. At 

this stage the oocysts escape from the intestine and are eaten by another centipede. 

20. Sporozoites escaping from the sporocysts and oocysts to infect the intestinal epithelial cell. 
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process the karyosome moves towards the nuclear membrane, passes 
through it into the cytoplasm, and breaks up into numerous granules, 
which are extruded from the surface of the parasite. This process 
Schaudinn claims to have observed several times in the living organism, 
and to have controlled by a study of stained preparations. The extrusion 
of the karyosome was regarded as a maturation process, and was supposed 
to correspond with the formation of polar bodies in the ova of higher 
animals. After extrusion of the karyosome, the microgamete has a 
marked affinity for the now mature macrogamete. Whatever may be the 
real explanation of the behaviour of the karyosome, the process does not 
correspond with the production of polar bodies, for it is almost certain that 
reduction in the number of chromosomes in the nucleus will be found to 
take place during the first division of the nucleus of the zygote, as occurs 
in other Coccidiomorpha (p. 109). By this process the macrogametocyte 
is converted into the macrogamete, and is ready for fertilization by a 
microgamete. The nucleus of the macrogamete after the extrusion of its 
karyosome appears to lose its nuclear membrane, so that its chromatin 
granules are spread through the central area of cytoplasm. It now becomes 
more compact and moves towards the surface, where a small elevation 
of the cytoplasm occurs. The nucleus itself is also drawn out slightly 
towards this point. A number of male gametes, which are attracted 
towards the female gamete only after the maturation process is complete, 
approach the cytoplasmic elevation, and one of these enters a slight 
depression at its apex (Fig. 337, 12). In so doing it is deprived of its 
flagella. The nucleus of the macrogamete now elongates, and a spindle is 
formed (fertilization spindle), at one end of which the nucleus of the micro- 
gamete, now become less compact and converted into a group of chromatin 
granules, takes up its position. The granules remain in this situation for 
some time, but finally pass into the spindle and mingle with the chromatin 
granules which were derived from the macrogamete nucleus. In this 
manner is brought about a union of the nuclei of the micro- and macro- 
gametes. Syngamy is said to have taken place. Immediately after entry 
of the male gamete the cytoplasmic elevation is retracted, and a cyst wall 
of gradually increasing thickness, the oocyst, is formed around what is now 
the zygote (Fig. 337, 13). The fertilization spindle remains as such for 
some time, but it finally retracts to form a spherical nucleus, which takes up 
a lateral position in the cytoplasm. It is at this stage that the oocyst 
escapes to the exterior in the fasces of the centipede, the further develop- 
ment taking place in the ground. 

The nucleus of the encysted zygote now becomes elongated and 
divides, and each daughter nucleus divides again (Fig. 337, 14 - 17 ). From 
researches of recent years upon the coccidia it would appear that, at the 
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first of these divisions, the number of chromosomes in the nucleus, which 
was doubled by the entry of the microgamete, is again reduced to half this 
number, and that the first division of the zygote nucleus (synkarion) is the 
real reducing division (p. 109). At division of the synkarion the chromo- 
somes without dividing separate into two groups, one of which passes to 
each daughter nucleus. In the succeeding division, and, in fact, in all 
nuclear divisions of other stages of the cycle, the individual chromosomes 
divide, so that each daughter nucleus receives an equal number of divided 
chromosomes. This being the case, the maturation process, as described 
by Schaudinn, is not comparable with the formation of polar bodies, and 
probably has some other significance, as pointed out by Schellack and 
Reichenow (1913), who have noted that in the case of Barrouxia schneideri, 
Adelea ovata, Adelina dimidiata, Eimeria lacazei, and E. schubergi, all of 
them parasites of centipedes, there is no such process as maturation of the 
gametocyte by extrusion of the karyosome. 

After nuclear division has been completed within the oocyst, there are 
present four nuclei. The cytoplasm then segments into four portions 
{spar oblasts), while a small amount is left over as a residual body, in which 
are found certain granules, possibly of a chromatin nature, which were 
present in the cytoplasm. The sporoblasts are elongate ovoid bodies 
measuring about 12 by 7 microns. The cytoplasm contains the retractile 
globules present in the earlier stages. Each sporoblast now forms around 
itself a cyst {sporocyst), which consists of two elongated convex valves 
joined longitudinally (Fig. 337, i8). AVithin the sporocyst the sporoblast 
continues its development. The globules of refractile material run together 
to form two large globules, one at each end of the sporoblast. The nucleus 
divides by elongation and constriction, and this is followed by division of 
the cytoplasm into two sporozoites and a comparatively large residual 
body, which contains the unused portions of the food reserve material, 
which, after nuclear division, has collected at the centre of the sporoblast 
(Fig. 337, J9). The development of the oocyst up to the formation of 
sporozoites occupies two to three days. It is now ready for ingestion by 
a new host. 

The cycle of development involving the formation of the gametes, the 
fertilization, and the subsequent multiplication to form sporozoites, is 
known as sporogony, to distinguish it from the asexual cycle or schizogony^ 
while the gametocytes are sometimes called male or female sporonts. 

It will be seen that the sexually produced sporozoite always becomes a 
schizont, whereas the asexually produced merozoite may become one of 
three things — a schizont, a microgametocyte, or a macrogametocyte. 
From what is known of other coccidia, it seems very probable that all the 
merozoites which are derived from one parent by schizogony have a similar 
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fate. What kind of stimulus it is which determines the growth of a mero- 
zoite into schizont or gametocyte is not known, but the production of the 
gametocyte is essential for the maintenance of the species, as it is in associa- 
tion with sporogony that the resistant transmitting phases are produced. 
It is possible that all the merozoites derived from one schizont behave in 
their subsequent development in the same manner, and that the factor 
which determines whether they are to become schizonts again or gameto- 
cytes was already present before actual schizogony had taken place. In 
some coccidia, as will be seen below, the merozoites which are to become 
schizonts differ morphologically from those which are to become male or 
female gametocytes, and they are derived from schizonts which differ 
from one another also. That is to say, the merozoites which will become 
schizonts again are derived from schizonts, which differ morphologically 
from those schizonts which give rise to the merozoites which are destined 
to become gametocytes. In the case of Cyclospora caryolitica, Schaudinn 
describes this differentiation as carried further (Fig. 341). The sporo- 
zoites produce two kinds of schizont, each of which produces a particular 
kind of merozoite, which again become schizonts of the type from which 
they were derived. In this manner two distinct lines of repeated schizo- 
gony occur. Eventually the merozoites of one line become macrogameto- 
cytes, and those of the other microgametocytes. The sexual dimorphism 
in this case occurs from the beginning of the schizogony process. Reiche- 
now (1921a), however, doubts the accuracy of this observation. 

Adelea ovata Ai. Schneider, 1875. — Like E, schubergi, which has just 
been considered, this coccidium is also a parasite of the centipede Lithobivs 
forficatus. It was discovered and named by Aime Schneider (1875) and 
was studied by Schaudinn and Siedlecki (1897), Siedlecki (1899a), Dobell 
(1907), Jollos (1909), Debaisieux (1912), Greiner (1918), and Schellack 
and Reichenow (1910, 1915). The last named observers have given the 
most complete account of its development, the main outlines of which 
resemble that of E. schubergi (Fig. 338). The entry of a sporozoite into 
an intestinal cell initiates a period of reproduction by schizogony, which is 
followed by the production of microgametes and macrogametes. Fertiliza- 

1-5 Schizogony in gut epithelium of the centipede. C. Schizogony producing larger merozoit(‘s. 

7. Young male gametocyte. 8 Young female gametocyte. 

9. AHsociation of male with very much enlarged female gametocyte. 

10. Nucleus of male gametocyte dividing to produce four microgamete nuclei. Female* game- 

tocyte mature. 

11. Male gametocyte has produced four male gametes, one of which has entered the female 

gamete and broken up into granules. The oocyst has formed. 

12. Later stage : one male gamete has entered the female gamete, while three remain outside the 

oocyst. Fertilization spindle is commencing to fonn. 

13. Stage showing the fertilization sjiindlc. 

14. Fully.formed zygote in oocyst. 15. Multiplication of nuclei of zygote (sporont). 

10. Mature oOcyst containing numerous sporocysts, each of which has two sporozoites and a 

residual body. 
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tion takes place, and there is produced an oocyst containing sporocysts 
and sporozoites. In details the cycle differs, however, from that of 
E, schubergi in some important aspects, but chiefly in the close association 
(syzygy) of the micro- and macro-gametocytes, and the production by 
the former of only a small number of microgametes (Fig. 338, 9-11). 

Infection of the centipede is brought about by the ingestion of ripe 
oocysts, and the liberation of sporozoites in its intestine by a separation 
of the two valves of which the sporocyst is composed. These enter the 
intestinal cells, retract to a spherical form, and commence growing at the 
expense of the cell cytoplasm. As growth proceeds, the nucleus multiplies 
by repeated divisions till as many as twenty to fifty are present. Seg- 
mentation of the schizont, which measures from 40 to 70 microns in its 
longest diameter, into a corresponding number of elongate vermiform 
merozoites then takes place (Fig. 338, 1-5). A residual body may or may 
not be present. When present, it varies considerably in size. Sometimes 
several bodies occur. By rupture of the cell the merozoites are set 
free in the lumen of the gut, whence they invade other cells, and the 
process of schizogony is repeated. After several generations merozoites 
become differentiated into micro- and macro-gametocytes (Fig. 338, 7-9). 
The macrogametocyte increases markedly in size, while the karyosome 
within its nucleus also augments its volume. The microgametocyte, on 
the other hand, only increases slightly in size, while its karyosome remains 
small. Early on in this process of growth the microgametocyte becomes 
applied to the surface of a macrogametocyte, but no actual union takes 
place (Fig. 338, 9). The two gametocytes are then said to be in syzygy. 
When fully grown the macrogametocyte has an ovoid form, while the large 
karyosome within the nucleus becomes smaller, and finally disappears. 
It is not thrown out, as described in E, schubergi. The nucleus then moves 
to one end of what is now the macrogamete. Meanwhile, the micro- 
gametocyte has become spherical, and by two divisions the single nucleus 
has become four. The four nuclei give rise to four comma-shaped micro- 
gametes, each of which, from what is known of other coccidia, is probably 
provided with two flagella, though they have not yet been demonstrated 
in Adelea ovata (Fig. 338, 10). One of the microgametes penetrates the 
macrogamete at the end near which its nucleus is now lying and enters 
the nucleus. The fertilized macrogamete, which is now the zygote, 
secretes around itself the oocyst, while its nucleus (synkarion), containing 
the elements from the micro- and macro-gamete nuclei, moves towards 
the centre (Fig. 338, ii). The nucleus then becomes elongated to form 
a spindle (fertilization spindle), while the chromatin becomes arranged 
in the form of thread-like chromosomes lying parallel to one another 
(Fig. 338, 12-13). When this has occurred the spindle retracts, and at the 
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same time the chromosomes become shorter and plumper, till finally a 
spherical nucleus with short chromosomes results. The nucleus which 
has become spherical proceeds to division, and Reichenow (1921) states 
that at the first division each daughter nucleus receives half the chromo- 
somes, which do not themselves divide. In this manner the number 
of chromosomes in the nucleus is halved. This is the real reduction 
division. Schellack and Reichenow (1915) point out that the changes 
undergone by the karyosome of the macrogametocyte nucleus have no 
connection with the process of maturation. The two daughter nuclei 
thus formed divide again, but in this case the chromosomes themselves 
divide, so that the number is maintained. Repeated divisions of this 
kind take place till sixteen to thirty-two nuclei are present (Fig. 338, 15 ). 
The cytoplasm then buds off from its surface a corresponding number of 
sj)herical sporoblasts, which secrete around themselves the bivalved 
sporocysts, which are discoidal and flattened like two applied watch- 
glasses. The nucleus of each sporoblast divides, and there are formed 
within each sporocyst two sporozoites and a residual body (Fig. 338, 16 ). 
Contrary to what occurs in E. schubergi, the oocysts are completely 
developed when passed in the faeces of the centipede. The nucleus of each 
sausage-sliaped sporozoite is terminal, while its cytoplasm contains a large 
hyaline body. 

Subdivision of the Coccidiomorpha. 

It will be noted that the cycle of development described above for 
Added ovata differs from that of Eimeria schabergi in the fact that the 
niicrogametocyte is smaller than the macrogametocyte, and that the two 
are in close association (syzygy). Furthermore, the number of micro- 
gametes produced is only four instead of a large number. The close 
association of the gaiuetocytes renders it easier for the microgamete to 
discover the macrogamete than if the gametocytes were far apart, as in 
E. schabergi. A large number of coccidia, the haemosporidia, and a few 
of the haemogregarines, behave in this respect like E. schabergi, while 
others, including most of the haemogregarines, behave like A. ovata. On 
this account the sub-class Coccidiomorpha is divisible into two orders — 
the (H)(X;iDirj)A, in which fertilization is of the E. schabergi type; and 
the ADELEIDA, in which it follows A. ovata. These two orders are 
again divisible into sub-orders. The Coccidiida includes the two sub- 
orders Eimeriidea and Haemosporidiidea. A member of the Eime- 
riidea is characterized by the fact that the microgametocyte produces 
flagellated microgametes by a slow process of nuclear multiplication, and 
that the zygote resulting from conjugation is already of its maximum size, 
is not motile, and at once becomes enclosed in a tough oocyst, which retains 
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its shape and size, and is destined to protect the sporozoites from damage 
due to desiccation and exposure after escape from the body of the host* 
A member of the HaBmosporldildea is characterized by the fact that 
the microgametocyte produces non-flagellated microgametes by a suddenly 
occurring violent process of extrusion (flagellated bodies), and that the 
zygote becomes a motile vermicule (ookinete). The ookinete eventually 
forms an oocyst, which is not a resistant structure, for it increases in size 
after it is first formed, and is not destined to protect the sporozoites from 
exposure, for they escape from the oocyst very soon after they are 
developed. This lack of a tough oocyst is associated with a development 
in two hosts in such a manner that at no stage is the parasite outside one 
or other host. 

The order Adeleida includes the sub-orders AdeJeidea, in which a 
tough resistant oocyst, which maintains its shape and size, is de- 
veloped for protection of the sporozoites during external exposure; and 
the sub-order Haemogregarinidea, in which no such resistant oocyst 
is produced on account of the existence of a second invertebrate host in 
which the sporogony cycle takes place. In the Adeleidea, again, the 
macrogametocyte is a stationary body to which the microgametocyte 
early applies itself, while in the Haemogregarinidea the gametocytes are 
motile vermicules, which wander about in the stomach of the invertebrate 
till they associate in pairs, which still travel as double vermicules till 
they settle down for further development. It will thus be seen that 
in the sub-orders Eimeriidea and Adeleidea tough resistant oocysts are 
produced, as there is only a single host, and the gametocytes and zygotes 
are stationary bodies; in the sub-orders Hsemosporidiidea and Hsemo- 
gregarinidea, in which there are two hosts, the tough o5cyst as a permanent 
protective structure is not developed, while the gametocytes or zygotes 
are definitely motile. 

There is a group of blood parasites, commonly known as the piro- 
plasmata, which occupy the red blood-corpuscles of mammals, are trans- 
mitted by ticks, and resemble in many respects the hsemosporidia. In no 
case, however, is the life-cycle completely known, so that, apart from the 
observations of Christophers on Babesia cams, which have not been con- 
firmed, there are no data as to the method of fertilization nor of the 
development in the invertebrate hosts. It is possible that the association 
of the gametocytes of £, canis in the tick, which he has described, indicates 
a process of syngamy similar to that characteristic of the Adeleidea, but 
the details have not been worked out. On this account it is impossible 
to classify them with any certainty. They will be placed in a provisional 
sub-order of the Coccidiomorpha, the Piroplasmidea, next to the Haemo- 
sporidiidea. 
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The investigations of the past few years have shown quite clearly that 
the blood-inhabiting Sporozoa have been derived from the coccidia, which 
are typically intestinal parasites. Mesnil (1899) was the first to indicate 
clearly that the “ hsemocytozoa,” as the parasites of the blood-cells have 
been called, should be grouped with the coccidia. Schaudinn (1899) also 
drew attention to the close similarity of the life-cycles of the malarial 
parasites and coccidia, while Reichenow (1912) definitely regarded them 
as “ haemococcidia.’’ They are undoubtedly coccidia which have become 
modified for a life in the circulating cells of the blood, and in association 
with this change the extracorporeal phase seen in the coccidia, which have 
only one host, is passed in the body of an invertebrate, which eventually 
transfers the parasite back again to the vertebrate. Of these blood 
coccidia there are two types. Firstly, the Haemosporidiidea, which have 
evolved from those coccidia which have a fertilization of the Eimeria type, 
as described above; and, secondly, the Haemogregarinidea, which have 
originated from coccidia, in which fertilization is of the Adelea type. 

Schaudinn (1904) suggested that a definite relationship existed 
between the haomosporidia and the trypanosomes, and he even went so 
far as to describe definite trypanosome phases in the development of 
Hcemoproteus and other Haemosporidiidea. Though Schaudinn's observa- 
tions were undoubtedly incorrect, his views were accepted in certain 
quarters. Thus we find Hartmann (1907) and Hartmann and Jollos 
(1910) separating the haemosporidia from the Sporozoa, and placing 
them in a separate order (Binucleata) of the Mastigophora. Apart from 
the observations which Schaudinn claimed to have made, the view is 
based on the assumption that the trypanosomes possess two nuclei, and 
that many haemosporidia show the same two nuclei. There seems to be 
no ground to justify the conclusion that the nuclear arrangement in the 
Haemosporidiidea is homologous with that of a trypanosome, and in view 
of the overwhelming evidence in favour of regarding the haemosporidia as 
having originated from coccidia, Hartmann’s view cannot be accepted. 
Alexeielf (1910a) pointed out that Hartmann’s group, Binucleata, was 
a purely artificial one. 

Taking into consideration the facts explained above, the sub-class, 
Coccidiomorpha, may be subdivided as follows: 

1. Order: rO(X:iI)III)A Labbe, 1899. — During the whole of their growth 
the male and female gametocytes are apart, and develop independently 
of one another. The male gametocyte produces a relatively large number 
(six or more) of male gametes. 

(1) Sub-Order: Eimeriidea, — The male gametes are formed on the 
surface of the male gametocyte, which has become multinucleate owing 
to repeated divisions of the nuclei during its growth. The motionless 
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zygote secretes a resistant oocyst, which does not increase in size. The 
asexual and the sexual cycles occur in one host. 

(2) Sub‘Order: Haemosporidiidea. — The fully-grown male gametocyte, 
which has a single nucleus, produces male gametes by a violent process 
of flagellation. The zygote becomes a motile ookinete, which finally 
secretes an oocyst which increases in size. There is an alternation of 
hosts, the asexual cycle occurring in a vertebrate and the sexual cycle in 
an invertebrate. 

(3) Sub-Order: PIroplasmIdea. — The exact method of syngamy is 
not known. It appears that the zygote becomes a motile ookinete, and 
that the asexual cycle occurs in a vertebrate host and the sexual cycle in 
an invertebrate. 

2. Order : ADELEIDA. — During their growth male and female gameto- 
cytes become closely associated and develop in contact with one another. 
The male gametes, which are few in number (two or four), are formed on 
the surface of the male gametocyte, which has become multinucleate 
owing to divisions of the nuclei after association has taken place. 

(1) Sub-Order: Adeleidea Leger, 1911. — The motionless zygote 
becomes enclosed in a resistant oocyst, which does not increase in size 
Both the asexual and the sexual cycles occur in one host. 

(2) Sub-Order: Haem ogregar inidea. — The zygote is a motile ookinete 
which forms an oocyst which increases in size. There is an alternation 
of hosts, the asexual cycle occurring in a vertebrate host and the sexual 
cycle in an invertebrate. 


1. Order; COCCIDIIDA. 

(1) Sub-Order: Eimeriidea. 

Subdivision into Families. 

The sub-order Eimeriidea contains a number of families, which are 
distinguished from one another by variations in the development of the 
oocyst and in details of the schizogony cycle. The following families are 
included: 

1. Family: SELENOCOCCiDiiD^ Poche, 1913. — The sporozoite does not 
enter a cell, but grows in the lumen of the intestine into an elongate 
actively motile vermiform organism. The nucleus multiplies to form eight, 
and then the schizont enters a gut cell to become spherical and break 
up into eight merozoites, which are discharged into the lumen of the 
gut. The growing phases of the schizont are thus free extracellular 
organisms. Similarly the micro- and macro-gametocytes are formed from 
merozoites extracellularly, and have vermiform bodies. They enter cells 
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and become rounded as micro- and macro-gametocytes. The former 
produces a large number of microgametes, one of which fertilizes a 
macrogamete, and an oocyst, the development of which has not been 
followed, is then formed. 

2, Family: CRYPTOSPORiDiiD^ Poche, 1913. — These are minute 
coccidia which inhabit the intestine of mice. The whole cycle is passed 
on the surface of the gut cells. There is a cycle of schizogony, followed by 
production of micro- and macro-gametocytes and formation of oocysts. 
The latter, however, are asporocystid, and produce sporozoites without 
sporocysts. The schizonts, as well as the gametocytes, appear to grow 
within delicate cysts, to one end of which the cytoplasm is attached. 
When merozoites or microgametes are produced within these cysts, they 
arise on the surface of the cytoplasm opposite the point of attachment. 

3. Family: EIMERIID^ Poche, 1913. — The members of this family 
include the typical coccidia, like Eimeria schubergi. Schizogony and 
sporogony are very uniform in character, except that variations occur 
in the development of the oocyst. In some cases sporocysts are not 
produced within the oocyst (asporocystid), in some two or four are pro- 
duced (disporocystid, tetrasporocystid), while in other cases many occur 
(polysporocystid). When sporocysts are present, the number of sporo- 
zoites within each is variable. There may be only one (monozoic), or two 
(dizoic), four (tetrazoic), or many (polyzoic). The family is divisible into 
a number of sub-families as follows: 

(1) Sub-Family: cyclosporin^.. — The oocyst, which is dizoic disporo- 
cystid, produces two sporoblasts and two sporocysts, within each of which 
are two sporozoites. The schizogony cycle commencing from the sporo- 
zoite is, according to Schaudinn, differentiated on two lines, there being two 
kinds of schizont, each producing a particular kind of merozoite. Even- 
tually the merozoites of one kind give rise to microgametocytes and those 
of the other to macrogametocytes. 

(2) Sub-Family : isosporin.e. — The oocyst, which is tetrazoic disporo* 
cystid, produces two sporoblasts and two sporocysts, each of w’hich 
develops four sporozoites. In other respects the cycle is typical. 

(3) Sub-Family: eimeriin^. — The oocyst, which is dizoic tetrasporo- 
cystid, produces four sporoblasts and four sporocysts, each of which 
develops two sporozoites. The rest of the cycle is typical. 

(4) Sub-Family: barrouxiinjr. — The oocyst, which is monozoic poly- 
sporocystid, produces many sporoblasts and many sporocysts, in each of 
which only one sporozoite is formed. The other stages are typical. 

(5) Sub-Family : caryosporinje. — The oocyst, which is polyzoic mono- 
sporocystid, produces only one sporoblast and one sporocyst, in which 
eight sporozoites are developed. The cycle is typical in other respects. 
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(6) Sub-Family : pfeifferellin.®. — The oocyst, which is asporocystid, 
produces eight sporozoites without any sporocyst. The schizogony 
results in the production of a large number of merozoites, while at the time 
of fertilization the macrogamete extrudes a long cytoplasmic process for 
reception of the microgametes. 

i. Family: CARYOTROPHID.E Liihe, 1906. — The oocyst, which is 
polyzoic polysporocystid, produces many sporoblasts and many sporo- 
cysts, each of which contains many sporozoites. The asexual cycle is 
complicated in that the schizont divides into a number of intermediate 
bodies (schizont oblasts, agametoblasts, cytomeres), each of which subse- 
quently produces merozoites. Similarly the microgametocyte first 
segments into a number of microgametoblasts, which then produce 
microgametes. The macrogametocyte, as usual, becomes a single 
macrogamete. 

5. Family: AGGREGATIDJE Labbe, 1899. — The oocyst, which is poly- 
sporocystid, produces many sporoblasts and many sporocysts, each of 
which contains a small number of sporozoites. The oocysts develop to 
maturity in the body of a cuttlefish which is eaten by a crab. The 
sporozoites which escape become schizonts in the gut wall of the crab, 
where schizogony occurs. Eventually the crab is eaten by a cuttlefish, 
when certain merozoites in the gut of the crab invade the gut wall of the 
cuttlefish and develop into micro- and macro-gametocytes. The oocyst 
is formed in the usual manner in the gut wall of the cuttlefish. There is 
thus an alternation of hosts, in one of which schizogony occurs, while 
sporogony takes place in the other. 

6. Family: LANKESTERELLiDiE Reichenow, 1 921. — The oocyst is asporo- 
cystid, and produces within it a number of sporozoites without sporocysts. 
The schizogony cycle is of the usual type, and eventually there are produced 
micro- and macro-gametocytes. After fertilization the oocyst is formed, 
and the sporozoites developed. The latter are liberated from the oocyst, 
which does not leave the body of the vertebrate. They make their way 
to the circulating cells of the blood — usually the red blood-corpuscles — 
within which they appear as hsemogregarines. Without further develop- 
ment, beyond a slight increase in size, they are taken up by an invertebrate 
and transferred to another vertebrate, where the schizogony cycle com- 
mences again. These forms can be grouped in two sub-families — Schel- 
lackinae and Lankesterellinee. 

(1) Sub-Family: scHELLACKiNiE. — The whole development up to the 
ripening of the oocyst takes place in the intestinal epithelium, with the 
exception that the macrogametocyte and oocyst are formed in the sub- 
epithelial connective tissue. By rupture of the oocyst the sporozoites 
are liberated in the subepithelial connective tissue and gain entrance to the 
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blood-vessels, where they enter the red blood-corpuscles. The invertebrate 
vector is a mite. 

(2) Sub-Family : lankesterellin^. — The whole development takes 
place in the endothelial cells lining the blood-vessels. By rupture of the 
oocyst the sporozoites are set free in the blood-stream, when they enter 
red blood-corpuscles. The invertebrate vector is a leech. 

Systematic Description of Families of the Eimeriidea. 

These various families may now be considered in greater detail. The 
individual parasites reveal a marked uniformity in the asexual cycles, 
but variations occur in the development of the zygote (sporogony), in the 
character of the oocysts, in the presence or absence of sporocysts, in 
the number of these when present, and the number of sporozoites each 
contains. 

They are mostly parasites of the lining cells of the intestine of their 
hosts. Sometimes, however, they occur in other organs. Very rarely 
they are extracellular parasites. In the case of ordinary examinations of 
the fresh intestinal contents or voided faeces, it is the oocyst which is 
usually recognized, while the remainder of the cycle can only be studied 
in preparations of the tissue in which it occurs. In the case of warm- 
blooded hosts such as man, the complete development of an oocyst does 
not, as a rule, take place till after it has escaped from the body, possibly 
as a result of the stimulus of change in temperature. This being the case, 
it may be impossible to identify an oocyst as such till the material in which 
it occurs has been kept at ordinary atmospheric temperature for a few 
days, when the formation of sporocysts and sporozoites will have taken 
place. On this account the oocysts of coccidia have frequently been 
mistaken for the eggs of worms, which they resemble in the thickness of 
the capsule and the granular nature of the enclosed zygote. The oocysts 
of coccidia, however, are generally considerably smaller than the eggs with 
which they have been confused. Sometimes the oocysts from one animal 
will appear in the faeces of another. Thus the faeces of human beings will 
sometimes contain oocysts from fish. In such cases they are present for 
a short time only, and must not be regarded as parasites of man (see p. 851). 

The intestinal coccidia often produce extensive destruction of the 
epithelium and acute diarrhoea, or even dysenteric conditions, which may 
bring about the death of the host. The host may survive the acute 
phase of an infection and pass into a chronic one with a milder course. 
Many animals in apparently perfect health are found to harbour coccidia, 
and it is probable that, having survived an acute infection, they have 
adapted themselves to the parasite, and are able to repair the damage done 
to the cells as quickly as it takes place. 
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Fig 339. — Selenococeidium intermedium ( x 850). (After L£ger and 

Duboscq, 1910.) 

1. Vermicular schizont free in gut. 

2-3. Vermicular 8chizont8 showing nucle-ar multiplication. 

4. Retraction of schizont to spherical form — intracellular. 

5-6. Schizogony to form merozoites. 

7-9. Schizogony to four merozoites, which become macrogametocytes. 

10-12. Retraction of vermicule to form macrogam etocyte. 

13. Macrogametocyte. 14. Oocyst. 

15 16. Schizogony to form eight merozoites, which become microgametocytes, 

16 19. Vermicule which becomes microgametocyte, producing microgametes. 
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1. Family: SELENOCOCCIBIID^ Poche, 1913. 

This family includes the single genus Selenococcidium L6ger and 
Duboscq, 1909, of which there is a single species. 

Selenococcidium intermedium L6ger and Duboscq, 1909. — This cocci- 
dium is a parasite of the intestine of the lobster. Its life-cycle has been 
described by Leger and Duboscq (1910). It is remarkable in that the 
growing forms, both schizonts and gametocytes, are elongate vermicules 
which live free in the intestine (Fig. 339). In the case of the schizont, 
nuclear multiplication takes place till eight nuclei are present. The 
vermicule (GO to 100 microns in length) then retracts to a globular form, 
and while doing so enters the gut cells, where it divides into a number of 
vermicular merozoites. These become free in the gut again, and grow 
into schizonts as before (Fig. 339, i-6). After schizogony has been 
repeated a number of times two different types of schizont are produced. 
One is a small one, wliich ])roduces eight small vermicules. After a free 
existence they enter cells, again become rounded, and develop into typical 
microgametocytes, which produce a large number of microgametes in the 
typical coecidian manner (Fig. 339, 15-10)* The other is a larger schizont, 
which jiroduces only four vermicular merozoites. These, after a free 
existence*, (‘liter c(‘lls and become macrogametes (Fig. 339, 7-14). After 
fertilization has taken })lace, t here is formed a spherical oocyst which escapes 
from the intestine. It is not known, however, how the oocyst develops its 
sporozoites. S, niter med i u ta is of considerable interest, as its free motile 
vermicule stage serves as a connecting link between the coccidia and the 
gregarines. 

2. Family: CRYPTOSPOKIDIID.E Poche, 1913. 

In this family tlu*re is only one genus, which was founded by Tyzzer 
(1907). There are two species, Cryptosporidium minis Tyzzer, 1907, and 
(\ parrinn Tyzzer, 1912. The former is a parasite of the peptic glands of 
the mouse, and the latter of the small intestine of the same animal 
(Fig. 310). 

Cryptosporidium muris Tyzzer, 1907. — This is a common parasite of 
white mice, and can often be seen in sections of the stomach in enormous 
numbers in the lumen of the glands. It is p(H‘uliar in not being intra- 
cellular at any stage of its development, the whole of which takes place in 
the mucoid material on the surface of the cells, the parasite appearing to be 
attached to the actual surface at one point. The organism is a very small 
one, and was first studied in detail by Tyzzer (1910) in sections of the 
stomach wall and in smears from its surface. The young schizont attached 
to the surface of a gland cell consists of a minute mass of cytoplasm with 
a single nucleus. It often appears as if it were surrounded by a cyst wall 

II. 52 
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or membrane, to one side of which the cytoplasm is attached. As growth 
takes place the nucleus multiplies. Finally, it reaches a maximum size of 
7 by 6 microns and contains eight nuclei, which are arranged in the cyto- 
plasm on the side opposite the point of attachment. Division into eight 
merozoites takes place. That schizogony is repeated many times seems 
to be indicated by the very large infections frequently encountered. As 
usual in the coccidia, microgametocytes and macrogametocytes are 
eventually formed. The former, when mature, measures 5 by 4 microns, 



f« • 5) ® 






Fig. 340 — Cryptosporidium parvum from the 8m ale Intestine of Mice 
( x ca. 2,000). (After Tyzzek, 1912.) 

1. Diagram drawn up from Tyzzer’H figures of section of intestine, shoMing various stages of 
the parasite on the surface of the epithelium. 2-8. Schizogony cycle. 

9-13. Development of microgam etocyte and formation of microgametes. 

14-15. Development of macrogametocyte. 

10-18. Development of oocyst and formation of sporozoites. 

19. Sporozoites escaped from oocyst, 

and has sixteen minute comma-shaped nuclei, from which sixteen micro- 
gametes are formed. The macrogamete measures about 7 by 5 microns, 
and consists of cytoplasm containing globules of hyaline material, as in 
coccidian macrogametes generally. After fertilization, which takes place 
without any association of the micro- and macro-gametocytes, a thick 
oocyst is secreted, and within it the zygote divides after nuclear multiplica- 
tion into four masses of cytoplasm, each with a single nucleus and a com- 
paratively large residual body. Each of the four masses becomes elon- 
gated to form a slender sporozoite, which measures about 12 to 14 microns 
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in length. The sporozoites are slightly longer and narrower than the 
merozoites. The mature oocyst has the same dimensions as the macro- 
gamete. Many of the oocysts liberate their sporozoites while still in the 
stomach of the host in which they were developed, so that auto-infection, 
both with merozoites and sporozoites, probably takes place. On the 
other hand, oocysts pass into the intestine and, escaping with the faeces, 
spread infection to other mice. 

Cryptosporidium parvum Tyzzer, 1912. — Tyzzer (1912) has also described 
another and still smaller species {C. parvum) which is found in the glands of 
the small intestine of mice (F'ig. 340). By feeding experiments Tyzzer has 
established the individuality of the two species. C, parvum, and possibly 
also stages of C. muris, were seen by the writer (1907) in mice, but he 
confused the forms he saw with Eimeria falciformis, with which the 
animals were also infected. In (7. parvum the schizont attains a maximum 
diameter of 5 microns and produces eight merozoites, each of which 
measures from 2-5 to 5 microns in length by 0*5 to 0*7 microns in breadth, 
and has a nucleus situated near the anterior extremity. Many have a 
deeply staining granule in addition to the nucleus, and this enters into the 
attachment organ by which the merozoite fixes itself to the surface of the 
cell before commencing its growth into a schizont again. The micro- 
gametocyte, when fully grown, is not over 3 microns in diameter, and 
gives rise to sixteen microgametes. The macrogamete after fertilization 
produces an oocyst with its longest diameter of not more than 4*5 microns. 
Within it are produced four sporozoites. 

Both 0. muris and C. parvum agree with one another in having an 
extracellular habitat. They both reproduce by schizogony, and eventually 
give rise to oocysts in which the sporozoites are free, there being no 
secondary sporocyst formation. 

Trithtt (1925u) has given the name C. crotali to a parasite of the snake, 
Crotalus confluent us. Ovoid cysts measuring 10*8 to 12*5 by 10 to 11 
microns, and containing four sporozoites and residual material, were 
discovered in the faeces. No other stages of development were seen. It 
appears possible that the cysts were the sporocysts of a species of Isospora, 
but until further stages have been found it is evidently impossible to be 
certain of the actual genus to which the parasite belongs. 

3. Family: EIMERIID^ Poche, 1913. 

The various members of this family agree with one another in that 
the whole of the growth period is passed within the cytoplasm of a host 
cell. Schizogony with the production of merozoites takes place repeatedly. 
Finally, merozoites become differentiated into macro- and micro-gameto- 
cytes which, when fully grown, are almost equal in size. Large numbers 



804 


FAMILY: EIMEKIIDiE 


of microgametes are produced which fertilize the macrogamete. Fertiliza- 
tion usually takes place through a pore, the micropyle, which occurs at 
one end of the oocyst. After fertilization, the micropyle is closed and 
the oocyst completes its development in various ways. 

(1) Suh-Family : cyclospokinje. 

This sub-family includes the single genus Cyclospora, which was 
founded by Aime Schneider (1881) for a parasite, which he named C, glo- 
merica, of the myriapod, Glomeris, The best-known form, however, is 
C, caryolytica Schaudinn, 1902. 

Cyclospora caryolytica Schaudinn, 1902.— This parasite was first noted 
by Eimer (1870) in the intestine of the mole. It was again seen by Grassi 
(1881a), while Schaudinn (1902) studied its life-history and gave it its name 
(Fig. 341). It develops in the intestinal epithelium, and produces a severe 
enteritis. The infection is initiated by the mole ingesting a mature 
oocyst, which contains two sporocysts, each with two sporozoites. The 
sporozoites escape and invade the gut epithelium, where they penetrate 
to the interior of the nuclei and commence growth. In this process the 
nucleus is broken up and the cell reduced to a mere membrane enclosing 
the parasite. As growth takes place it is seen that two types of schizont- 
are being produced, one which is large and composed of hyaline cytoj)lasm, 
and the other small and of denser cytoplasm (Fig. 341, 1 - 3 , 6 - 8 ). The 
large schizont, when it breaks up after nuclear multiplication, })rodiices 
clear stumpy merozoites, while the other gives rise to longer and more 
opaque merozoites. The former again grow into large schizonts after they 
have entered fresh nuclei, and again the same type of merozoite is pro- 
duced, while the larger and denser merozoites again produce the smaller 
schizonts, which break up into the same type of merozoite again. There 
are thus two distinct lines along W'hich schizogony occurs. Eventually 
merozoites of the short hyaline type become microgametocytes (Fig. 341, 
4 - 5 ), while the long dense ones become macrogametocytes (Fig. 341, 9 - 10 ). 
The microgametocyte produces a large number of flagellate microgametes, 
while the macrogametocyte undergoes a maturation process. The latter 
differs from that described for Eimeria schubergi. The nucleus divides, 
and one of the resulting nuclei begins to degenerate. The other nucleus 
again divides, and again one of the nuclei disintegrates. The remaining 
nucleus is that of the mature macrogamete. A number of microgametes 

1-3. Schizogony cycle, which ultimately leads to the formation of the microgametocytes. 

4-5. Development of microgametocyte and formation of microgametes. 

6-8. Schizogony cycle, which ultimately leads to the formation of the macrogametocyte 
9-10. Development of macrogametocyte. II. Fertilization. 

12-14. Development of oocyst with production of two sporocysts, each containing two sporozoites. 

15. Escape of sporozoites. 
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now approach the macrogamete, and frequently several of them enter the 
cytoplasm, though the nucleus of only one fuses with the macrogamete 
nucleus. The nuclei of the other microgametes are functionless, and 
eventually are cast off in the residual body. After fertilization the oocyst 
is formed around the zygote, which now passes out of the intestine in the 
faeces. On the ground the further development takes place, and two 
sporoblasts are produced, which become encysted in bivalved sporocysts, 
like those of E, schubergi. Within the sporocyst each sporoblast produces 
two sporozoites and a residual body consisting of the unused cytoplasm, 
in which are the bulk of the surplus food material, the remains of the 
degenerating maturation nuclei, and the nuclei of the superfluous micro- 
gametes (Fig. 341, 11 - 14 ). The ripe oocysts remain on the ground 
without further change till they are casually eaten by a mole, when the 
sporozoites escape and invade the gut epithelium. 

The above description is that given by Schaudinn, but Reichenow 
(1921a) has expressed some scepticism as to the accuracy of his account. 
He believes that the two lines of schizogony may represent a double 
infection with two different coccidia, or that the two types of schizogony 
merely represent variations in the ordinary schizogony process, which is 
by no means constant in many other forms. The final schizogony, 
which gives rise to merozoites which are in reality young gametocytes, 
since they grow into these, may differ, in the characters of the schizont and 
number of merozoites produced, from that which has occurred earlier on, 
and which gave rise to merozoites destined to become schizonts again. 
From what has since been discovered in coccidia, the process of matu- 
ration of the macrogametocyte, as described by Schaudinn, requires 
reinvestigation. 

Phisalix (1923, 1924) gives the name C, viper ce to a form which occurs 
in the intestine of the viper {Vipera aspic). The oocysts measure 16*8 by 
12'6 microns. Each contains two sporocysts 10*5 by 8*4 microns in size. 
Schizogony, which occurs in the intestinal epithelium, gives rise to from 
four to eighteen merozoites according to the size of the schizonts. Phisalix 
(1924a, 19246) describes two other species. C, babaulti occurs in F. berus 
and C. tropidonoti in Tropidonotus natrix, 

(2) Sub-Family : isosporin.e. 

This sub-family includes the single genus, Isospora, founded by Airn^ Schneider 
(1881) for a parasite called by him I. rara, which he found in an unnamed black slug. 
His description and figures of the oocyst were imperfect, but there appears to be 
sufficient indication that it contained two sporocysts, each of which had four sporo- 
zoites. This parasite has not been reinvestigated, and till this is done it is impossible 
to be quite certain about these characters. Labb^ (1893) regarded the oocysts of 
Schneider's parasite as containing two sporocysts, each with many sporozoites, and 
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established the genus Diplospora for a parasite which he had discovered in birds, 
the oocyst of which definitely included two sporocysts, each with four sporozoites. 
Most authorities, including Laveran and Mosnil (1902c), regard Labb^’s Diplospora 
as a synonym of Isospora, Another parasite which belongs to this genus is one which 
occurs in the kidney and intestine of the frog, which was discovered by Lieberkuhn 
(1854). It was rediscovered and named Klossia Ueherkuhni by Labb6 (1894), and 
later transferred by him (1896) to a new genus, Hyalolclossia, which Laveran and 
Mesnil (1902c) pointed out was a synonym of Isospora. The latter observers 
accordingly named the frog coccidium I. UeberlcuhnL Rivolta (1878), however, 
gave the name Vytosjierminm ranw to a coccidium which Eiiner (1870) had seen in 
the frog. Dobell (1919a), assuming that this is the form first seen by Lieberkuhn, 
and later named by Labb6, thinks it possible that Rivolta’ s name has priority over 
La])b6’s, and that the frog, Isospom, should be known as I. ranw. Ft appears, 
however, that Rivolta, in naming the parasite, was referring to the form seen by 
Eirner, which was apparently found in the intestine and not in the kidney. From 
Kimer’s description and figures it is impossible to tell whether he was dealing with 
an Isosjwra or an Eimeria, and as coccidia of both these genera occur in the intestine 
of frogs, Rivolta's name may apply to either of these. Eirner himself, who mentions 
Lieberkiihn’s parasite, did not appear to regard it as the same as the one ho had 
found and figured. Hence Rivolta’s name, (1. ranw, cannot be regarded as applying 
to Lieberkuhn’ s parasite, the correct name for which is I, Ueherkuhni. Another 
point which arises from Rivolta’s name is the possibility of his generic title, Cyto- 
spermium (1878), having priority over Imapora (1881). In this genus Rivolta 
included several distinct parasites. The first name used by him is C. viride. It was 
given to certain cyst -like bodies, which he states were found by Paulicki (1872) in 
the lungs of monkeys, and by Piana (1876) in the mesentery of fowls and the lungs 
of a monkciy. It seems impossible to identify these structures with any knowm 
organism. The second species is C, zurnii, which is undoubtedly the Kimeria of 
cattle first Ke<m l)y Zurn (1878). The third species is C. rana\ which, as pointed out 
above, may be either an Jsospora or an Eimeria : while the fourth is C. hominifi, a 
name given to a supposed coccidium of man seen by Eirner (1879). Here, again, 
it is impossible t o be sure that the structures seen by Fimer were coccidia, and there 
are no grounds for assuming that they are identical Avith the undoubted coccidia 
(Tsoapora) seen by Kjellberg in man and recorded by Virchow^ (186()«). Rivolta's 
name, (’. horntnis, is thus a nomen nudum. 

The fifth species of Rivolta is V. villorum infestinalium canis, an undoubted 
Isospora of the dog; while the sixth is (\ hepatis canis familiaris. a name which 
refers unquestionably t(» the eggs of aTrematode seen by Perroncito in the liver of a 
dog. The name (Ujioapermium was thus given to a variety of different organisms. 
It was first given to questionable structures in the lungs of monkeys, and secondly 
to an undoubted Eimeria. so that it seems impossible to regard the name as having 
priority over Isospora. The name Isospora of Aiim^ Schneider (1881) can safely be 
taken at present as the correct one for those coccidia wdiich have oocysts containing 
two sporocysts, each of which has four sporozoites. The type species is I. rara. 
A. Schneider, 1 881 , of the black slug. If reinvestigation of this parasite should prove 
that its oocyst does not contain two sporocysts, each with four sporozoites, then 
Labb6’8 name, Diplospora. with J). lacazei Labbd, 1893, a parasite of birds, as the 
type, will be the correct one. 

Henry and Leblois (1925, 1926) have attempted to subdivide the genus Isospora. 
They conclude that two genera are represented — viz., Isospora. in which the sporo- 
cysts are pyriform in shape; and a new genus, LueeHina. in which the sporocysts arc 
spherical or ellipsoidal. It is doubtful if those characters are of generic value. 



808 


FAMILY: EIMERIIDiE 


The sub-family, as indicated above, contains the single genus Isospora 
Aime Schneider, 1875, the best-known species of which are those which 
occur in cats and. dogs, birds and frogs. Cats and dogs harbour three 
distinct species, while human beings are liable to infection with one, or 
probably two, species. 


ISOSPORA IN CATS AND DOGS. 

Cats and dogs are very commonly infected with species of Isospora. 
It has generally been supposed that only one species, Z. higemina (Stiles, 
1891) occurred in these carnivores, but the writer (1923a), from observa- 
tions made on these animals in England, found that three distinct species. 



Fig. 342. — Diagram of OOcysts of Isospora of ('ats, Dogs, ami> Man 
(xcrt. 1,400). (After Wenyon, 192:1.) 


1. Oocyst of the small form which occurs in the deej)cr tissues of the villi of cats and dogs and 

man {Isoapora bigemina and Isospora hovums) 

2. Oocyst of the intermediate sized form which occurs in the epithelium of the villi of cats and 

dogs {Isospora rivolta) 

3. Oocyst of the large form which occurs in the epithelium of the villi of cats and dogs [Isospora 

felis). 

4. Oocyst of the large form which probably occurs in the epithelium of the villi of man (Isospora 

beUi). 


all of which had previously been recorded in the literature, had been 
grouped under this one name (Fig. 342). The three species (7. bigeanna, 
7. rivolta, 1. felis) differ in the size of the oocysts and sporocysts ; also as 
regards the localization of the infection in the tissues of the villi. The 
writer (1923a) found that 7. rivolta and 7. felis reproduced only in the 
epithelium, while 7. higemina occurred in the subepithelial tissues, where 
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the oocysts reached maturity. The writer and Sheather (1925) have 
since noted that in the acute phase of an infection in the dog /. bigemina 
reproduces in the epithelium like the other forms, and that immature 
oocysts are passed in the faeces. In the chronic phases of an infection in 
both the cat and the dog, the parasite appears to be limited to the sub- 
epithelial tissues. /. rivolta also may reproduce in the subepithelial 
tissues. 

The first of the parasites to receive a name was the one of intermediate 
size seen by Grassi (1879). He gave it the name Coccidium rivolta. Stiles 
(1891) proposed the name C. bigeminum for the small one he found in 
the dog, while the writer (1923a) gave the name I. felts to the largest one. 
Practically all observers have assumed that only one species existed. 
Perroncito (1882) and Railliet (1895) appear to have realized that the 
small form differed from that of intermediate size seen by Grassi. Pos- 
piech (1919), investigating the oocysts of these parasites in Germany, came 
to the conclusion that there were actually four species, three of which 
corresponded with the three forms described above, while one had oocysts 
interm efliate in size between those of I. bigemina and 1. rivolta. Davis 
and Reich (1924) have noted that the three forms occur in cats and dogs 
in (Vxlifornia. They also found sporocysts of a form which occupied an 
intermediate position between those of I. bigemina and 1. rix^olta. 
Nieschulz (1925) has also seen these in a young dog in Holland. The 
oocysts measured 14 to 17 by 8 to 10 microns, and he suggests that they 
may belong to a distinct species. The whole question of the three species 
was discussed by the writer (1923a), but there appears to have been some 
confusion regarding the dimensions of the oocysts and sporocysts, while 
further information has recently been obtained. 

Isospora bigemina (S il<'s, 1891). — This coccidium. which is an intestinal 
parasite of dogs, cats, and ])olecats, was first described by P'inck (1854). who gave 
an accurate description of the oocysts with their two sporocysts. He referred to 
them as corpuscJcH (jhninen. but did not, however, see the sporozoites within the 
sporocysts. He came to the conclusion that the bodies were products of fat absoiT- 
tion. They were next seen by Virchow (18619 in the dog, and by Leuckart (1860) 
in the same animal. Rivolta (1874, 1877, 1877a. 1878) gave a fairly good description 
of the oocysts with their ])aired sporocysts, including four sporozoites and residual 
body. He called the parasite Cgiospermium rillonim iniestinalium canis. The 
parasite was next seen in the dog by Railliet and Lucet (1888), who later (1890, 1891) 
found it in dogs, cats, and polecats {Puiorius putorins). Stiles (1891) proposed the 
name Poceidivm bigeminum for the form in the dog, while Railliet and Lucet (1891) 
distinguished three varieties -viz., C. bigeminum vars. canis, cati, and putorii in the 
dog, cat, and polecat respectively. These differ from one another in the size of the 
sporocysts. Stiles (1892) gave a further description with tigures of the form in the 
dog. All these authors are in accord as regards the dimensions of the sporocysts, that 
they occur in the deeper tissues of the villi, and that their development is completed 
in the body. From 1892 onwards no one appears to have seen this parasite till the 
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writer (1923a) discovered it in a cat in London, and found that the previous descrip- 
tions were remarkably accurate, and that it was undoubtedly distinct from the 
larger forms of Isospora which occur in these animals. The writer and Sheather 
(1925) have now found that during the acute phases of an infection in the dog 
reproduction takes place in the epithelium, that immature oocysts are passed in 
the fflBces and that they attain maturity outside the body. It appears that in 
the chronic phases of infection the oocysts occur in the suhepithelial tissues, and 
develop to maturity in this situation. 

All observers who had studied L bigemina in cats and dogs were in 
agreement as to the presence of mature oocysts in the suhepithelial tissues 
and the absence of parasites from the epithelium (Figs. 343, 344). The 



Fig. 343 . — Isospora bigemina from Sections of the Small Intestine of 
THE Cat (x 2,000). (After Wenyon, 1923.) 

1-4. Schizogony 5 Possible microgametocyte with niicrogametos. 

0-7. Growth of macrogametocyte. 8-11 Development of oocyst in tissues of villi. 


writer (1923a), having observed the same distribution of the parasite, 
concluded that its entire development took place in the suhepithelial 
tissue. Recently, however, the writer and Sheather (1925) have had an 
opportunity of studying the intestine of a dog which had been killed during 
the acute phase of infection. It was found that the whole of the epithe- 
lium of the small intestine from the stomach downwards was crowded with 
reproducing parasites. These occurred in the epithelial cells on the lumen 
side of their nuclei, while there appeared to be no tendency towards 
invasion of the suhepithelial tissues. The schizonts were small, and had a 
diameter when mature of not more than 5 microns. Each gave rise to 
eight minute merozoites. In addition, there were numerous macro- 
gametocytes with a diameter of about 7*5 microns. During life this dog 
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passed in its faeces numerous immature oocysts measuring 10 to 14 by 
7*5 to 9 microns, the sporocysts measuring 7*5 to 9 by 5 to 7 microns. In 
another puppy studied by the writer large numbers of oocysts of the same 
dimensions were passed during the course of three or four weeks, during 
which the animal suffered from diarrhoea. The infection gradually sub- 
sided, and eventually disappeared. The oocysts completed their develop- 
ment outside the body in the usual manner, forming two sporocysts, each 



Fio. .‘{44. Sk( TioN or of (‘at, showing Isospora felis rx the Epithelh m, 

AND I. higemiua in the Subepitheltai. Tissues (x 1,0(iO). (After Wen yon, 

la tlio opithcliiiin arc soea two inatvirt* niacroganiotocytes, one })artially grown macrogamctocyte, 
and a inKTogamotorytf with inicrogainetoH. In the tisHnes are six mature odeysts of Isospora 
higemnia. 

with four sporozoites and a residual body. They resembled the oocysts 
previously described by the writer (1923a) as occurring in the subepithelial 
tissues of the villi of a kitten, except that in this situation the oocyst wall 
was thinner and more easily ruptured. In addition to the oocysts, a 
small number of schizonts, macro- and micro-gametocytes were found in 
the subepithelial tissues of the kitten (Fig. 343). 

The writer has examined portions of the small intestine of a number of 
dogs collected for him by Mr. Burgess of Colombo. Oocysts of /. bigemina 
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were discovered in six dogs. In each instance they were in the sub- 
epithelial tissues, were fully developed, and measured 18 to 20 by 14 to 
16 microns. The sporocysts measured 13*5 to 15-5 by 9 to 10 microns. 
Sheather (1923) has observed immature oocysts of what may be this 
parasite in the faeces of a dog in England. 

It thus appears that in the acute stages of infection with I. bigemina 
reproduction occurs in the epithelium, and immature oocysts are passed 
in the faeces, while in the chronic stages the oocysts become mature in the 
subepithelial tissues. Furthermore, there appear to be oocysts of two 
types. The smaller ones, which measure 10 to 14 by 7*5 to 9 microns, 
occur in both cats and dogs, while the larger ones, measuring 18 to 20 
by 14 to 16 microns, have hitherto been seen only in dogs. The writer 
attempted to infect four kittens with the small oocysts passed by the puppy 
mentioned above, but, though enormous numbers of fully developed 
oocysts were swallowed by the kittens, no infection occurred. It hardly 
seems probable that the immature oocysts passed in the faeces in the acute 
infection belong to species distinct from those which give rise to mature 
oocysts in the subepithelial tissues in chronic infections, though the wall 
of the oocyst in the case of the latter is thinner, more easily distorted and 
ruptured, and often closely wrapped round the sporocysts. It is, neverthe- 
less, possible that the large and small oocysts belong to different species. 
Railliet and Lucet (1891) recognized this, and believed that in the dog, 
cat, and polecat there occurred three varieties, which differed in the 
dimensions of the sporocysts (erroneously termed oocysts by the writer, 
1923a), which they give as follows: 

/. bigemina var. canis : 12 to 15 by 7 to 9 microns. 

I. bigemina var. cati : 8 to 10 by 7 to 9 microns. 

/. bigemina var. jmtorii : 8 to 12 by 6 to 8 microns. 

In connection with the larger forms of /. bigemina it has to be remem- 
bered that the oocysts have only been seen in the subepithelial tissues, 
where the oocyst wall is thin and closely wrapped round the mature 
sporocysts. The dimensions of the latter (13-5 to 15-5 by 9 to 10 microns) 
agree with those of the sporocysts of /. rivoUa, though the oocyst of this 
coccidium, which has only been seen in the faeces, is larger — 20 to 25 
microns in length in place of 18 to 20 microns. The writer and Sheather 
(1925) have noted that schizonts and male and female gametocytes of 
/. rivolta may occur in the subepithelial tissues, though this parasite 
usually reproduces in the epithelium. It is possible that in chronic 
infections mature oocysts may be produced in the subepithelial tissues, 
and in this situation they may be smaller than when developed in the 
epithelium and passed undeveloped in the faeces. In this case the large 
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form of L bigemina may in reality be 1. rivoUa, the oocysts of which have 
reached maturity in the subepithelial tissues. The similarity in the size 
of the sporocysts is in favour of this view. 

As noted above, the writer (1923a) found that the tissues of the villi 
in the case of a chronic infection in a kitten were infiltrated with oocysts 
in all stages of development (Fig. 344). Enormous numbers were present 
in some villi, which were swollen and evidently altered in appearance. 
Though the faeces of this cat had been examined on several occasions, 
neither the oocysts nor the sporocysts of I. bigemina were discovered. 


though the undeveloped 
oocysts of the large 
I. felis were constantly 
])resent. It would seem 
that, in the case of chronic 
infections with I. bigemina, 
the oocysts do not leave 
the villi regularly. They 
probably escape only when 
a damaged villus actually 
breaks down. It results 
that infection with this 
coccidium would be fre- 
([uently overlooked if faecal 
examinations alone were 
made. The infection in the 
cat was only discovered 



by the writer when scraj)- 
ings from the wall of the 
small intestine were made 
after death. The infection 


Fui. 345. — 0<‘»('Ysis OF Isospont felia and 
7. rirolia ( ^ 230). (Original.) 

(Vuic-entratioii from fanios of t-at by Sheath(‘i 's method 


in the Colombo dogs was of a similar type, though less intense. Adler 
informs the writer that kittens in Palestine are commonly infected with 
/. bigemina. 

It is evident that the true relationship of the various types of 7. bige- 
mina can only be determined by a series of carefully conducted cross- 
infection experiments. 

Isospora rivolta (Grassi, 1879).— This coccidium, which was first seen by 
Grassi (1879) in the faeces of cats, has an oocyst about 20 to 25 microns in 
length. It was also seen by Wasielewski (1904) in these animals, together 
with the large I.felis. He also observed it in dogs. Reichenow (1921a) 
described and figured the oocyst from dogs in Germany, while Brown 
and Stammers (1922) and the writer (1923a) found it in the faeces of 
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dogs in England. The writer has recently seen it in a cat, together with 
7. felis (Fig. 345). Grassi (1879, 1881a) noted that it developed in the 
intestinal epithelium, while Zapfe (1923) has given j^ome details of the 
asexual reproduction which occurs in this situation. It resembles that 
of LfeliSi but the various stages are correspondingly smaller in size. The 
oocyst varies in length from 20 to 25 microns and in breadth from 15 to 20 
microns (Figs. 346 and 350, 5 ). It is distinctly ovoid in shape, while one 
end may be more pointed than the other. At the pointed end a micropyle 
can sometimes be distinguished. A small residual body may be present 
in the oocyst. The sporocysts are elongated bodies with rounded ends, 
and measure about 16 by 10 microns. Each contains four sporozoites 
and a large residual body filled with globules of a refractile material. As 
noted above, the writer and Sheather (1925) have noted the fact that 
7. rivolta may reproduce in the subepithelial tissues, and produce male 
and female gametocytes in this situation. The possibility of oocysts 



Fig. 346. — Isospora rivolta : Stages in Development of Oocyst Outside 
THE Body of the Dog (x 1,500). (After Wenyon, 1923.) 


becoming mature in the subepithelial tissue and of their resemblance to 
the large forms of 7. bigemina has already been considered (p. 812). 

Adler (1924) has described as 7. viverrw a parasite of the civet cat 
(Viverra civetta) of West Africa. It is very similar to 7. rivolta, but as cats 
and dogs fed on heavily infected material failed to become infected, it was 
regarded as a distinct species. It is necessary, however, to be cautious 
in drawing conclusions from such experiments. Recently the writer 
obtained large numbers of ripe oocysts of 7. bigemina from a dog, and 
failed entirely to infect four kittens and a puppy. Adler informs the writer 
that 7. rivolta is very common in kittens in Palestine. 

Isospora felis Wenyon, 1923. — This parasite was first described by 
Wasielewski (1904) as Diplospora bigemina. He gave a complete account 
of the development of the oocyst, and also noted free motile merozoites in 
the intestinal contents and schizogony stages in the epithelium. It was 
later studied in detail by Swellengrebel (1914a), who described the main 
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features of its life-cycle. Swellengrebel described the process of schizo- 
gony, the later stages of the development of the microgametocyte and 
formation of microgametes, the development of the macrogametocyte and 
oocyst. He also described a curious process of parthenogenesis of the 
macrogametocyte. It is clear that this was the result of misinterpretation 
of certain appearances in sections of macrogametocytes. Swellengrebel 
noted that the parasite was confined to the epithelium of the villi of the 
small intestine. Hall (1917) observed the parasite in dogs in Detroit, and 
came to the conclusion that it was not the small /. bigemina described 
by Stiles, but Hall and Wigdor (1918) concluded that it was a larger form 
of this parasite. The oocysts of /. felis were seen by the writer and 
O’Connor (1917) in cats in Alexandria, and by Dobell (1919a) in cats in 
England. Dobell, with previous observers, regarded it as /. bigemina, 
though he pointed out that Grassi’s name, /. rivolta, w'hich, how^ever, 
refers to a distinct parasite, had been given to the coccidium before Stiles's 
name, /. bigemina. Dobell and O’Connor (1921) definitely referred to 
this parasite as I. rivoltce, a name which had previously been used by 
Leuckart (1886). Dobell and O’Connor still regarded all these coccidia 
of cats and dogs as belonging to one species, though Dobell (1919a) 
suggested that the form in the dog might be distinct from that in the cat. 
Keichenow (1921a) definitely asserted that the form in the dog was smaller 
than that in the cat, and was probably a distinct species. Noller (1921), 
without giving any details, writes of a small and a large form in the cat. 
Marotel (1921) again referred to the large form in the cat, and proposed 
to name it 1. caii, a name, however, which was previously given by 
RailLet and Lucet (1891) to the variety of I. bigemina of the cat (/. bige- 
mina var. cati). The writer (1923a) proposed the name /. felis for this 
parasite, which is very common in young cats in England. It does not 
as a rule, affect the kittens to any extent, but they often suffer from 
<liarrlia»a, which is probably the result of infection with this coccidium. 
It has been reported from a dog in England by Sheather (1923). 

The developmental stages occur in the epithelial cells of the villi of the 
small intestine and also the caecum (Figs. 344, 347). They are peculiar 
in that the schizonts, macrogametocytes, and microgametocytes retain 
their elongate gregariniform character to a comparatively late stage of 
growth. They are often attached to the surface of the vacuole, in which 
they lie, by their more pointed anterior ends, where a kind of sucker may 
occur. The smallest asexual forms are about 5 microns in length. These 
grow into ovoid schizonts, having a length of about 12 microns and con- 
taining eight nuclei, the result of repeated mitotic divisions of the original 
nucleus. Usually eight merozoites are produced (Fig. 347, 1-9). Occa- 
sionally, however, as many as sixteen or more are formed. The micro- 
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gametocyte commences its growth as a merozoite, and increases in size 
till it measures about 20 by 30 microns or more. By repeated mitotic 
divisions of the nucleus which occur during the growth an enormous 
number of nuclei are formed. Finally, the nuclei, become arranged on the 
surface of the parasite, as also on the surface of vacuoles and fissures or 
folds which have formed. Here each becomes concentrated to form a 
solid mass of chromatin, from which a finger-like process grows out. The 
whole mass then becomes sickle-shaped, and finally an elongate micro- 
gamete, which, according to Swellengrebel (1914a) has two flagella 
attached to its blunt anterior end, is formed. A single microgametocyte 
may form over 2,000 microgametes (Fig. 347, 11-17). The macrogameto- 
cyte, commencing as a merozoite, becomes a large ovoid cell varying in 
length from 25 to 35 microns. During its growth the cytoplasm changes 
in character. Like the early stages of growth of the schizont and micro- 
gametocyte, the macrogametocyte at first stains very deeply. Later it has 
less affinity for stains, and there appears around the nucleus a number of 
deeply staining granules, while irregularly shaped masses of a deeply 
staining substance appear in the cytoplasm. After this there are formed 
in the cytoplasm a number of globules of a refractile substance, which 
finally fill the entire macrogametocyte. Concurrently with this change, 
the deeply staining substance disappears. As in the nuclei of the schizonts 
and microgarnetocytes, the karyosome is present at all stages, and there is 
no indication that it is thrown out of the nucleus of the macrogametocyte, 
or that it disintegrates before fertilization takes place, for it is still present 
in the zygote (Fig. 347, 18-21). The wall of the oocyst is formed round the 
macrogametocyte as a thin membrane while it is in the epithelium, but it 
does not become the characteristic resistant structure till the oocyst falls 
into the lumen of the intestine. Fertilization has not actually been observed, 
but this probably takes place after the oocyst has formed. As in the case 
of I. rivolta, the zygote does not commence to divide till the oocyst has 
left the body in the faoces (Fig. 348). Its development was described 
by AVasielewsky (1904), who gives the measurements of the oocysts as 
22 to 40 by 19 to 32 microns, but it is probable that he had a mixed 
infection of 7. felis and 7. rivoUa, The writer (1923a) found the oocysts 
of I, felis measured 39 to 48 by 26 to 37 microns. Occasionally shorter 
or even longer forms occur. Dobell (1926a) states that he has seen oocysts 
only 30 microns in length. The first stage in development of the oocyst, 
which according to Dobell may occur in the intestinal epithelium, is the 
retraction of the zygote to form a spherical mass 18 to 25 microns in 

1-8. Schizogony. 9. Schizont producing eight large merozoites. 

10. Schizont producing sixteen merozoites. 

11-17. Growth of microgametocyte and production of inaerogametes. 

18-21. Growth of macrogametocyte. 


II. 


53 
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diameter. This divides to form two sporoblasts 16 to 18 microns in 
diameter. There may be a small residual body. The sporoblasts elongate 
and form thick- walled sporocysts measuring 20 to 27 by 18 to 21 microns, 
within each of which are formed four sporozoites and a large residual body. 
The sporozoites are more rounded at one end than the other. They have 
a central nucleus with a karyosome, while near the blunt end is a large 
ovoid refractile body. 

Weidman (1915) described a parasite of swift foxes ’’ in America, the 
oocysts of which resemble those of 7. felis. Believing that all these 
coccidia of carnivores belonged to the species 7. higemina^ he suggested 
that it was a variety canivecoUs, Mesnil (1916) and Hall and Wigdor 
(1918) refer to this parasite as Coccidium higeminum canivecoUs, If it is 



Fig. 348 . — Isospora felis : Stages in Development of Oocyst Outside the 
Body of the Cat (x 740 ). (After Wenyon, 1923 .) 

distinct from I, felis, its name will be 7. canivecoUs, as suggested by the 
writer (1923a). Moller (1923) has noted the oocysts of a species of Isospora 
in the faeces of a lion in the Zoological Gardens in Berlin. They bore a 
close resemblance to those of 7. felis. 

As regards the distribution of the three species of Isospora in cats and 
dogs, it appears that they may occur in both these animals. Grass! 
(1879, 1881a) noted only 7. rivolta in the cat. Wasielewski (1904) and the 
writer have seen both this form and L felis in this animal and 7. rivolta in 
dog. Reichenow (1921a) in Germany found I. felis in cats and 7. rivolta in 
dogs. Sheather (1923) and the writer and Sheather (1925) have seen both 
7. felis and 7. rivolta in the dog. Swellengrebel (1914a) and Marotel (1921) 
saw 7. felis in cats, and Hall and Wigdor (1918) both this form and 7. rivolta 
in dogs in Detroit. Similarly, 7. bigemina occurs in both cats and dogs. 
There is as yet no experimental evidence that the forms in cats are distinct 
from those in dogs, apart from the negative result obtained by the writer 
in attempting to infect kittens with 7. bigemina from the dog. 


ISOSPORA IN MAN 819 

The dimensions in microns of the oocysts and sporocysts of the cat and 
dog parasites, as observed by the writer and Sheather, are as follows: 

Oocysts. Sporocysts. 

39-^48 X 26 -37 20-27 x 18-21 

20-24 X 15 -20 12-16 x 9-10 

18-20 X 14 -16 13-5-15-5 x 9-10 

10-16 X 7-5-10 7-5-10 x 6-8 

ISOSPORA IN MAN. 

The first roforenco to an Isospora in man is that of Virchow {1860a), who recorded 
a case brought to his notice by Kjellberg. Virchow stated that psorosperms were 
present in tlio tissues of the villi of the small intestine, and that they agreed entirely 
with the forms he had seen in dogs. As noted above, the latter were oocysts of 
T. higemlna, so that the only legitimate conclusion, as pointed out by the writer 
(1923a), is that Virchow saw in man a small Isospora like I. higemina of cats and 
dogs. Eimer (1870) described certain bodies in the intestinal epithelium of two 
human beings which he examined post-mortem in Berlin. He stated that they 
resembled the psorosperms he had seen in mice and other animals. It is quite 
impossible to identify these bodies from Eimer’s description. They may or may 
not have been coccidia, and, if they were, they certainly cannot be recognized as 
Isospora, for Eimer gives no clue as to the number of sporocysts or sporozoites. 
Rivolta (1878) gave the name Oytospermium hominis to the psorosperms described 
in man by Eimer, and as those cannot be identified, Rivolta’s name is a nomen nudum. 
Railliet and Lucet (1890) described certain bodies which they saw in the faeces of a 
woman and her child in France. Their dimensions were similar to those of the 
oocysts of 7. higemina. but as no development was noted they cannot be identified 
with the j)sorosperni8 described by Virchow. Railliet and Lucet (1891), referring to 
Virchow^' s psorosperm. and not to the bodies seen by themselves, and regarding it 
as a variety of the small Isospora of dogs, named the parasite Cocddium bigeminum 
var. hominis, so that the name for the human parasite becomes I. hominis (Railliet 
and Lucet, 1 891). During the war the oocysts of an Isospora were discovered in the 
faeces of man first by AVoodcock (1915) and then by the writer (1915/). Since that 
time, according to C^onnal (1922), wdio has given a complete account of the records, 
over 150 cases of infection of this Isospora have been met with. The oocysts of this 
form vary in length from 25 to 30 microns. Dobell (1919a) came to the conclusion 
that Virchow had probably seen the same parasite, but this view was based on the 
assumption that the various Isospora which occurred in cats and dogs, including the 
small one first seen by Finck, belonged to one species, I. higemina, AVhen once it is 
realized that the small form in the cat is distinct from the larger ones, it becomes 
evident that the one seen by Virchow in man, which ho said was exactly like the 
small one in the dog and cat, cannot be identified with the much larger one dis- 
covered in man during the war. It seems evident, as noted by the writer (1923a), 
that Virchow saw in man a small Isospora like I, higemina of cats and dogs. This 
one, which is I. hominis (Railliet and Lucet, 1891), has not since been rediscovered, 
with the possible doubtful exception of the bodies seen in the two cases recorded by 
Railliet and Lucet (1890). This seemed surprising, but the practice of examining 
fjeces only, as has been the universal custom in recent years, is not calculated to 
reveal a parasite which is buried in the deeper tissues of the villi. As noted above, 
the writer discovered I. higemina in the cat only when scrapings from the wall of the 
small intestine were made. Repeated examinations of the f®ces had only revealed 
the oocysts of I. feliSf which develops in the epithelium. It seemed not improbable. 


I. felis . . 

J. rivolta 

I, higemina (large) 
I. higemina (small) 



820 


FAMILY: EIMERIIDiE 


therefore, that the small I. hominis of man had not been rediscovered, because the 
practice of examining the wall of the small intestine at posi-mortem had been largely 
given up. On the other hand, the larger oocysts of the Isospora discovered during 
the war are present in the faeces, a fact which suggests that, like I, rivolta and 
I. fells, it is a parasite of the intestinal epithelium. The writer (1923a) suggested 
the name I. belli for this form. The conclusions arrived at by the writer (1923a, 
1926) have recently been supported by Reichenow (1925), who has discovered in 
man the fully developed sporocysts of a species of Isospora. 

Isospora hominis (Railliet and Lucet, 1901). — As already remarked, 
until recently there was only one authentic record of this parasite — namely, 
that of Virchow (1860a). His statements regarding it are very precise. 
He says the psorosperms, as he terms the sporocysts, occurred in the 
interior of the villi towards their tips, and that they agreed entirely with 
those he had seen in dogs, which again he identifies with the corpuscles 
gemines found by Finck (1854) in the cat. It appeared evident to the 
writer (1923a) that human beings are liable to infection with a small 

coccidium like 1. higemina. Re- 
cently Reichenow (1925), examining 
the stool of a man suffering from 
amoebic dysentery, discovered two 
mature sporocysts of a species of 
Isospora (Fig. 349). The size was 
16 by 10*5 microns. They are 
slightly larger than the sporocysts 
of the larger forms of 7. higemina, 
but in view of the fact that they 
were fully developed, Reichenow 
regards them as the sporocysts of 
7. hominis. It is probable, as noted by Dobell (1926a) and the writer (1926), 
that they are sporocysts of 7. belli, with which they agree fairly closely, 
and that its oocysts may reach maturity before leaving the body. It seems 
not improbable that if examinations of the wall of the small intestine are 
made at post-mortem, the small Isospora hominis will be rediscovered. 

Isospora belli Wenyon, 1923. — As noted above, the immature oocysts 
of this coccidium were discovered by Woodcock (1915) in the faeces of 
patients invalided from Gallipoli. He suggested that it belonged to the 
genus Isospora. The writer (1915/) demonstrated that this was actually 
the case by observing the complete development of the oocyst. Since that 
time the obcysts have been discovered by various workers in over one 
hundred and fifty cases from Egypt, Gallipoli, Salonika, Mesopotamia, 
Palestine, and other parts of the world. It is remarkable that in most 
instances the troops which were found infected during the war had been 
in contact with Turks, so that Turkey may be the endemic area of the 



Fig. 349. — Isospora hominis 0): Mature 
Sporocysts from Human Faroes 
( x 2,000). (After Reichenow, 1925.) 
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infection. Since the war cases have been recorded from other localities. 
The organism has only been studied in the oocyst phase (Figs. 342 and 350, 
7-10). It is probably a parasite of the epithelial cells of the small intestine, 
and it is in this situation that the schizogonic cycle and the development 
of the micro- and macro-gametocytes will very likely be found. So far, 
however, no post-mortem material has been obtained, and it can only be 
conjectured that the intestinal phases will be similar to those of Lfelis 
of the cat. Several opportunities of obtaining fixed material from the 
intestines of cases which have died of other infections have unfortunately 
been missed. 

The oocysts, according to Dobell (1919a), vary in length from 25 to 33 
microns and about half this in width. They are thus elongate bodies, and 
one end is rather more constricted than the other, giving the appearance 
of a kind of neck. Though the length is usually about twice the breadth, 
this is by no means constant, as broader forms may occur. 

As found in the freshly passed human faeces, the oocysts are trans- 
parent colourless bodies. The wall is composed of an outer thick layer 
showing a double contour and an inner and much finer membrane. At the 
narrower end there is an indication of a micropyle, against the inner side 
of which may be sometimes seen a small mass of granular material. 
Within the cyst is usually seen a spherical cytoplasmic body containing 
globules of a more refractile material. Sometimes the cytoplasmic body 
almost completely fills the oocyst, and this is undoubtedly its condition 
when the oocyst is first formed. The retraction of the enclosed cytoplasm 
to the spherical form is the first stage in its development. Sometimes, 
again, the freshly passed oocyst will contain two masses of cytoplasm — 
the sporoblasts. If faeces containing oocysts are spread out in a Petri dish 
and kept at the ordinary laboratory temperature of England, the oocysts 
will complete their development in three to four days. In Egypt the 
writer and O’Connor (1917) found that twenty-four hours might suffice. 
The first stage is the shrinkage of the cytoplasm to form the spherical body. 
The latter then divides into two sporoblasts, which become somewhat 
elongate and form around themselves cyst walls, thus becoming sporo- 
cysts, which measure 12 to 14 by 7 to 9 microns. The sporoblast 
within each sporocyst then divides into four sporozoites and a large 
spherical residual body which contains the surplus food reserve material. 
The sporozoites themselves are elongate structures rounded at the anterior 
end and tapering at the posterior. The cytoplasm, which is finely 
granular, has a vacuole containing refractile material at the rounded end. 
The nucleus, which is difficult to detect, lies at the junction of the anterior 
and middle third of the sporozoite. From analogy with other coccidia, 
it may be presumed that the oocyst is now ripe for the infection of a new 



822 FAMILY: EIMERIID^ 




ISOSPORA BELLI 


823 


host. The writer and O’Connor (1917) noted that occasionally abnormal 
development might occur, a single sporocyst being secreted around the 
zygote within the oocyst, and eight sporozoites and a residual body being 
formed within it. The development of the oocyst has only been studied 
in fresh living material. The preparation of fixed and stained specimens 
presents difiiculties owing to the highly impermeable nature of the oocyst, 
which does not allow of the passage of fixatives. 

The number of oocysts present in the faeces is generally small. One or 
two to each cover-glass preparation, or even fewer, is the usual state of 
affairs, and as they are such highly transparent structures they are readily 
overlooked. Much larger infections have been occasionally observed by 
the writer and others. The oocysts have not usually persisted in any 
case for more than a few days, but once in Egypt the writer and O’Connor 
(1917) noted their presence for twenty-five days. 

As regards the pathogenicity of /. belli, the only reliable information 
is that given by Connal (1922), who observed a laboratory worker who had 
accidentally ingested material containing developed oocysts. Six days 
later diarrhoea with abdominal discomfort set in. This persisted for four 
weeks, and oocysts were discovered in the stools three weeks after the onset 
of symptoms, and were present more or less continuously for twelve days, 
after which they were not found. The stools had become normal again, 
and recovery was complete. 

Attempts have been made to infect animals experimentally. The 
writer (1916) in England, and subsequently with O’Connor in Egypt 
(1917), attempted to infect kittens by feeding them with ripe oocysts, 
but no infection occurred. Some of the kittens, however, showed infection 
with /. felis, which, however, has an oocyst easily distinguished from that 
of /. belli on account of its larger size and more irregular shape. A mouse 
which was repeatedly fed also did not become infected. Later O'Connor 
(1919) attempted to infect two young puppies, but without result. 
Fantham (1917), however, claimed to have infected kittens, but it is not 
clear that I.felis was absolutely excluded, and, as Dobell (1919a) remarks, 
his statement that the infection in the kittens produced a “ condition 
resembling that seen in the human intestine examined 'post-mortem can 
hardly be accepted, since the changes produced in the human intestine 
have never been described. 

The following records show the number of times /. belli has been found 
in cases examined : Woodcock and Penfold (1916), 10 in 384; Wenyon(1916), 

1-2. Ehmria stiedte fi-om rabbit, 3. Ehmria perforans from rabbit. 

4. Eimeria avium from chicken. 5. Isos pom nvolta from dog. 

b. Eimeria oxyspora {—E, sardince) from man. 7-10. Isospora belli from man. 

11. Eimeria wenyoni ( dupearum) from man. 

12. Eimeria snijdersi (^E, sardines) from man. 
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16 in 656; Roche (1917), 15 in 893; Savage and Young (1917), 6 in 1^088; 
Williamson (1917), 2 in 180; Martin, Kellaway and Williams (1918), 1 in 422 ; 
Cragg (1917), 4 in 613; Boney, Crossman and Boulenger (1918), 7 in 890; 
O’Connor (1919), 9 in 3,854. In addition to these, other cases have been 
recorded by various observers. Noc (1920) recorded a doubtful case from 
Saigon, and one which appears to be authentic from Dakar in West Africa. 
Kofoid, Kornhauser and Plate (1919), and Kofoid and Swezy (1920a), ob- 
served cases in America, not only amongst troops which had served abroad, 
but also amongst those of the home service. Haughwout (1921) has described 
a case seen by him in Manila. The infection may have been acquired in 
America. Porter (1918) recorded two cases amongst natives of South Africa, 
Brug (1922a) four indigenous cases from Java, and Connal and Young (1922) 
one from West Africa (Lagos). Connal (1922) gives an account of an infection 
of a laboratory worker who accidentally ingested oocysts from this case. 
Newham and Robertson (1922) have noted three cases in Africa, two in 
Portuguese East Africa and one in Durban; while Boon van Ostade 
(1923) records a case from Malay, and Wassell (1923) one, hardly recog- 
nizable from his drawings, from China. Knowles (1924) has observed two 
cases in Calcutta, Castex and Greenway (1923) one in the Argentine. 
Pinto and Pacheco (1925) one in Brazil, and Pons (1925) two in Saigon. 

ISOSPORA IN OTHER MAMMALS. 

Apart from the species of Isospora described above, mammals appear 
to be particularly free from coccidia of this genus. Apparently the only 
form which has been noted is one which was briefly described and figured 
by Virchow (1860a) as occurring in the kidney of a bat. No one has 
rediscovered this parasite. 

ISOSPORA IN BIRDS. 

Coccidia belonging to this genus are fairly common parasites of birds, 
such as the sparrow, crow, and many passerines. They were probably 
first seen by Eimer (1870) in the sparrow. Rivolta (1869) saw coccidia in 
fowls and other birds, but though in the form from the bird he noted the 
division of the contents of the oocyst into two masses, he did not distin- 
guish the Eimeria from the Isospora, and grouped them all as Psoro- 
spermium avium. Rivolta and Silvestrini (1873) referred to this coccidium, 
and, as did Rivolta (1873), considered all the psorosperms of birds as 
belonging to one type. Rivolta (1878) gave the name Gregarina avium 
intestinalis to the parasite of fowls, and as this is an undoubted Eimeria, 
the specific name avium cannot be regarded as belonging to the Isospora, 
which was first definitely named Diplospora lacazei by Labb4 (1893). It 
was referred to as I, passerum by Sjobring (1897). Labb6 (1899) gives a 



ISOSPORA LACAZEI 


826 


list of about forty birds which have been recorded as infected with this 
coccidium. Wasielewski (1904) examined 400 freshly caught birds in 
Germany, and found 20 per cent, infected. 

Isospora lacazei (Labbe, 1893).— Though the oocysts of this coccidium 
had been seen by Rivolta and Silvestrini, as shown above, and later by 
Rivolta and Delprato (1881) and Condorelli and Fiore (1892), Labbe 
(1893) was the first to give a clear account of its development, while 
Sjobring (1897) and Laveran (1898a) gave a description of the main 
features of the life-cycle, which was again studied by Wasielewski (1904). 
It is possible that more than one species of Isospora occur in birds, as 
suggested by Labbe (1893). At present there is no definite information 
upon which this point can be decided, as indeed Labb6 (1896) recognized. 



Fig. 351 . — Oocysts of Isospora lacazei from the Intestine of Birds 
( x 1 , 000 ). (After Wasielewski, 1904 .) 


Small birds, such as canaries, sometimes suffer from intense infections, 
which often prove fatal. Within the intestinal epithelium the schizonts 
have a diameter of about 10 microns, and produce from 8 to 12 merozoites. 
These are 8 to 12 microns in length by 2 to 3 in breadth. The micro- 
gametocytes, when fully grown, may measure 28 by 21 microns, and give 
rise to a large number of microgametes 2 to 4 microns in length. As 
pointed out by Wasielewski (1904), it appears that the numerous micro- 
gamete nuclei result from repeated nuclear divisions during growth of the 
microgametocyte. According to various observers, the oocysts, which are 
ovoid bodies, vary in length from 16 to 30 microns (Fig. 351). The two 
sporocysts in each oocyst have a length of about two-thirds of that of the 
oocyst, and are often more pointed at one end than the other. At the 
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pointed end there is frequently seen a refractile globule. Within each 
sporocyst are produced four sporozoites and a large residual body. In its 
development /. lacazei resembles /. felis very closely. 

ISOSPORA IN COLD-BLOODED VERTEBRATES. 

The best-known member of the genus Isospora in a cold-blooded host 
is the form first described by Lieberkiihn (1864) from the kidney of the frog 
(Figs. 353, 364). Labbe (1894) gave it the name Klossia lieberkuhni^ but 
two years later (1896) he changed it to Hyaloklossia Ueberkilhni, As pointed 
out above, the form seen by Eimer (1870) in the intestine of the frog, and 
which was named Cytospermium ranee by Rivolta (1878), is not identifiable. 
Laveran and Mesnil (1902c) studied this parasite, and placed it in the genus 
Isospora, Other forms occur in reptiles. Hagenmiiller (1898) described 


Fig. 352. — OOcyst of Isospora Sp. from the Intestine of the Common 
English Toad ( x 2,000). (Original.) 

/. camillerii from the lizard, Gongylus ocellatus, and I, laverani from the 
snake, Coelopeltis lacertina, while Sergeiit (1902) gave the name I, mesnili 
to one which parasitized the nuclei of the intestinal epithelium of Cha- 
mceleon vulgaris. The oocysts were about 30 microns in length, while the 
sporocysts measured 16 by 10 microns. Mesnil (1907) described as 
/. hylce a coccidium of the rectum of the tree frog {Hyla arborea). The 
dimensions of the oocysts were 30 to 35 by 20 to 25 microns. The writer 
found an Isospora in the liver and intestine of the lizard, Agama colonorum^ 
in the Sudan. Another form with an oocyst about 25 microns in length 
occurs in the intestine of the English toad (Fig. 352). Adler informs the 
writer that he has seen an Isospora in the lizard, Varanus griseus, in 
Palestine. It develops in the subepithelial tissues of the small intestine. 

Isospora lieberkiihni (Labb6, 1894). — This parasite, which occurs com- 
monly in the kidney of the edible frog, Rana esculenta, has been studied by 
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Fig. 353 . — Stages in the Development of Isospora UeberJcuhni as seen in Section 
OF THE Kidney of the Frog, (After Noller, 1924 .) 

1. Groups of merozoites resulting from schizogony in the epithelial cells of the kidney tubules 
( X 950). 2. Macrogametocjrtes in the tubular epithelium ( x 950). 

3. Microgametocytes with numerous nuclei ( x 950). 

4. Microgametooyte with numerous microgametes ( x 2,500). 5. Microgamete ( x 2,500). 
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Laveran and Mesnil (1902c) and Noller (1913a, 1923). According to 
Laveran and Mesnil, within the remarkably short period of forty-eight 
hours after ingesting oocysts the frog shows an intense infection of the 
various organs of the body, with not only the asexually reproducing forms, 
but also the gametocytes. Noller (19203) believes that these frogs were 
probably suffering from an infection with Lankesterella minima, which 
reproduces in the endothelial cells of the capillaries and produces gameto- 
cytes in the same cells. According to Laveran and Mesnil, the oocyst 
has a length of about 40 microns, and produces two ovoid or pointed 
sporocysts 25 to 30 microns in length, each containing a large residual body 
and four sporozoites 25 microns in length (Fig. 354). Both Laveran and 
Mesnil and Noller (1913a) noted that the escape of the sporozoites from 

the sporocysts could be easily observed 
by treating them with an emulsion of 
the intestinal epithelium or pancreas of 
well-nourished frogs. 

In his latest publication, Noller 
(1923) has given some details of the 
life-history of the parasite. The oocysts 
deposited in the water are swallowed 
by tadpoles. The sporozoites make 
their way to the glomeruli of the kid- 
neys, in the epithelium of which schiz- 
ogony takes place. The resulting 
merozoites then invade the tubule epi- 
thelium, which is found heavily infected 
with schizogony stages in young frogs 
towards the end of April or during May 
(Fig. 353). A few weeks later macro- 
gametocy tes and microgametocy tes with 
a large number of biflagellate microgametes appear in the tubule cells, 
and eventually oocysts are produced in this situation. The older frogs 
may again ingest oocysts and become reinfected, but the heaviest infections 
are found in the young frogs, as tadpoles which live permanently in water 
have a better opportunity of ingesting oocysts. Noller again asserts that 
the development of I. lieberkilhni is limited to the kidneys, and that the 
forms described by Laveran and Mesnil in other organs belonged to 
Lankesterella minima (Fig. 380). 

(3) Sub-Family : eimeriinje. 

This sub-family includes the genus Eimeria, which was founded by 
Aim6 Schneider (1875a) for the coccidium of the intestine of the mouse, 
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Fig. 354. — Isospora lieherkiihni 
FROM THE Kidney of the Edible 
Frog {Bana esculenta) (x 1,000). 
(After Laveran and Mesnil, 
1902.) 

Partially and fully developed oocysts. 
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which had been named “ Gregarina ” falciformis by Eimer (1870). Its 
correct name is E. falciformis (Eimer, 1870), and it is the type species 
of the genus. Rivolta (1878) referred to the rabbit coccidium as Psora- 
spermium cuniculi, while the name Coccidium^ introduced by Leuckart 
(1879) for the rabbit coccidia, becomes a synonym of Eimeria, Aime 
Schneider (1881) gave the name Orthospora propria to a coccidium of the 
intestine of newts. As this form is an undoubted Eimeria, the name 
Orthospora is another synonym. 

The parasites belonging to this genus are characterized by the pro- 
duction of more or less spherical, elliptical, or ovoid oocysts, which, when 
mature, contain four sporocysts, each of which contains two sporozoites. 
Another genus, Crystallospora, was established by Labbe (1896) for a 
coccidium of marine fish, Motella tricirrata and M. maculata (Fig. 372, 2 ), 
The sporocyst differs from those of members of the genus Eimeria in being 
shaped like a double pyramid with short spines at the various angles. 
The genus Goussia was also founded by Labbe (1896) to include forms like 
E. schubergi, which have more or less spherical oocysts and sporocysts. 
The wall of the sporocyst is formed of two applied valves which open like 
the pods of a bean instead of being composed of a continuous membrane, 
as ill the case of E. stiedce. The members of the genus Gonssia are mostly 
parasites of cold-blooded animals, and the oocysts complete their develop- 
ment before leaving the host. Though the character of the sporocyst 
appears to be one of generic value, it seems doubtful if these forms can be 
separated from those of the genus Eimeria at present, as in many cases the 
sporocyst wall has not been investigated from this point of view. Another 
genus is Paracoccidium of Laveran and Mesnil (19026). It was founded for 
a coccidium of the edible frog, which produced oocysts and four sporocysts 
in the usual manner. After the oocyst is mature, the sporocysts break 
open and liberate the eight sporozoites, which remain free within the 
oocyst (Fig. 369, 8-ro). This, again, is hardly a generic distinction, as the 
sporocysts may sometimes behave in this manner in an undoubted Eimeria, 
The single species, Paracoccidium prevoti Laveran and Mesnil, 1902, is 
best retained in the genus Eimeria, Another genus is Jarrina, established 
by Leger and Hesse (1922) for a small coccidium of birds. The o5cyst is 
peculiar in having a kind of neck, wdiile the wall is traversed by fine 
canals which give the surface a punctate appearance (Fig. 369, 1 - 2 ). 

The sub-family Eimeriinse includes a large number of species of the 
genus Eimeria, one of which {Eimeria schubergi) has been considered 
above as a type of the coccidia. They are found as intestinal parasites 
of horses, cattle, pigs, sheep and goats, rats and mice, and rabbits; 
domestic birds, such as fowls, geese, ducks, pigeons, pheasants, grouse, 
and others; cold-blooded animals, such as the frog, newi;, tortoise, sala- 
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mander, fish ; and occasionally invertebrates ( Arthropoda). Dobell (1919a), 
in his revision of the coccidia parasite in man, concluded that three 
species of Eimeria occur in man, two as intestinal forms and one in the 
liver. Since then he named another form discovered by Snijders (1921). 
Thomson and Robertson (1926) have, however, shown that the three 
intestinal forms are merely oocysts of previously named coccidia of fish 
which were present coprozoically in the human intestine. 

Medical literature contains numerous records of coccidiosis of the skin 
and other tissues of man and animals, but it is clear that the structures 
regarded as coccidia are not of this nature. 

The majority of the species of Eimeria are known only in the oocyst 
stage. AiS the oocysts of different species often resemble one another 
fairly closely, for the recognition of specific differences reliance has to be 
placed on the minute characters of the oocysts. In cold-blooded animals 
the oocysts complete their development before leaving the host, whereas 
in the case of warm-blooded animals development takes place outside the 
body. In the latter case, the period required for the development varies 
with different species. The shape, dimensions, and colour of the oocyst 
are characters to be attended to, as also the degree of development of the^ 
micropyle and the appearance of the oocyst wall. The method of forma- 
tion of sporoblasts has to be noted, and the presence or absence of a residual 
body when the four sporoblasts separate. The shape and size of the 
sporocysts and the character of the micropyle are features which vary with 
the species. It is usually assumed that the dimensions of the sporocyst 
are more constant for any one species than are those of the oocyst, but not 
infrequently it will be found that the sporocysts vary in the same propor- 
tion as the oocysts, and it cannot be assumed that, merely because the size 
of the sporocysts varies within unusually wide limits, more than one species 
is involved. 

EIMERIA IN RABBITS AND HARES. 

Owing to the fact that infection of the rabbit’s bile ducts with coccidia leads to 
the formation of white nodules, this condition early attracted the attention of 
observers. Carswell (1838) published a coloured drawing of the condition in a 
rabbit’s liver, which he regarded as tubercle. Hake (1839), however, was the first 
observer definitely to describe and figure the oocysts, which he observed in the liver 
and duodenum. Though Hake is usually regarded as the first observer to see coccidia, 
Dobell (1922) has pointed out that Leeuwenhoek, in an unpublished letter dated 
1674, gave some indication that he had seen the oocysts in the bile of rabbits. 
Hake believed the oocysts to be pus globules, and the condition in the liver one of 
carcinoma. Nasse (1843) again described the tubercle-like lesions in the rabbit’s 
liver and figured the unsegmented oocysts. Eemak (1845) was the first to note 
the presence of oocysts in the intestinal mucosa of rabbits. Handfield Jones (1846) 
again described the oocysts which he found in the lesions in a rabbit’s liver. He 
regarded them as altered liver cells. Rayer (1846) and Dujardin, to whom he 
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showed them, believed them to be immature eggs of a trematode. KaufEmann 
(1847) first noted that if the oocysts were kept in water the contents segmented into 
four separate bodies. Kiichenmeister (1852), Kolliker (1854), Lieberkiihn (1855), 
Vulpian (1858), Neumann (1866), Leuckart (1863), and others referred to these 
enigmatical bodies without discovering their parasitic nature. Stieda (1865), 
however, observed the development of the oocyst or psorosperm, as he termed it. 
He noted that the four spherical bodies within it became elongated, and that each 
became enclosed in a membrane. Within this membrane (sporocyst) there was 
formed a spherical granular body, at the side of which was a rod-like structure with 
swollen ends. The latter were evidently the heads of the two sporozoites, which, 
being closely applied to one another, were regarded as a single structure. Stieda 
concluded that the oocysts were early developmental stages of some unknown animal 
parasite. In the same year Lindemann (1865) definitely regarded the organism as a 
parasite, and, looking upon it as a gregarine, gave it the name Monocystis siiedce. 
Other observers, including Reincke (1866), Waldcnburg (1867), Roloff (1868), Lang 
(1868), and Rivolta (1869-1878), made contributions to the subject. Leuckart 
(1879) gave a review of previous work, but did not observe any further development 
than that described by Stieda. He noted that the sporocyst had frequently a 
small knob at one end. He, however, stated it as his belief that the coccidium of 
the intestine of the rabbit, owing to its smaller size, a fact previously noted by 
Kolliker (1854), was a different species from that of the liver. He gave the name 
Coccidium ovi forme to the one in the liver, and the name perforans to that in the 
intesline. As Lindemann (1865) had named the form in the liver M. stiedce, and 
Aim6 Schneider (1875«) had founded the genus Eimeria for the coccidium of the 
mouse, Leuckart’s genus, Coccidium, is a synonym of Eimeria, and his two names, 
C. ovijorme and 0. perforans, are synonyms of E. stiedce and E, perforans. 

Balbiani (1884) investigated the development of the oocyst, of which he gave 
an accurate description. He showed that the contents of the oocyst segmented 
into four separate spherical bodies, and that each of these became elongate and 
encysted, as demonstrated previously by Stieda and Leuckart. He proved, how- 
ever, that the sporocyst eventually produced a residual body and two sporozoites. 
Each sporozoite had a small central nucleus and a rounded end containing a retractile 
substance. The development of the oocyst of Eimerin stiedce was finally studied in 
detail by Metzner (1903). 

As regards other stages of development, L. Pfeiffer (1890a, 1891) and R. Pfeiffer 
(1892) first pointed out that there occurred an endogenous multiplication, followed 
by the production of oocysts within the epithelial cells of the rabbit's intestine, 
similar to that described by Kloss (1855) for Klossia helicina of the kidneys of snails, 
and by Eimor (1870) for E. falciformis of mice. Ho believed, as P'dmer had done, 
that the oocyst was responsible for the spread of infection from one animal to 
another, while the stages within the epithelial colls brought about an increase in the 
number of parasites in the host. These views wore strongly contested by Schneider 
(1892), Labb6 (1896), and others, who believed that the multiplying forms in the 
epithelium represented one parasite and the oocysts another. Thus, so late as 1899 
Labbe placed the schizogony stages of the mouse coccidium in one genus {Eimeria) 
and the oocysts in another (Coccidium), A great advance was made by Schuberg 
(1895), who described almost completely the life-cycle of the coccidium of the mouse. 
H 0 was the first to suggest that the minute bodies produced by certain stages of the 
parasite might be gametes destined to fertilize the large cells which developed into 
oocysts. That these minute bodies wore actually gametes was clearly demonstrated 
by Schaudinn and Siedlocki (1897) in the case of Adelea ovata and E, lacazei, two 
coccidia of the centipede. 
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Simond (1897) reared young rabbits from their birth on sterile milk. He fod 
them with ripe oocysts, and demonstrated that in the resulting infection there 
occurred, not only oocysts, but also the forms which were in reality schizoiits, but 
which Schneider and others had insisted belonged to a distinct parasite. The facts 
regarding the life-history of these coccidia were finally placed on a firm foundation 
by the researches of Schaudinn (1900) on E. schuhergi, 

Tho life-cycle of coccidia having been elucidated, the complete development of 
the rabbit coccidium was described by Eeich (1913), though Simond (1897), Wasie- 
lewski (1904), and Hadley (1911) had observed most of its stages. From these 
investigations it was found that the life-cycle of the rabbit coccidium very closely 
follows that of E. schuhergi, as described by Schaudinn. 

It has been shown above that KoUiker (1854) noted that oocysts from the intes- 
tine of the rabbit wore smaller than those from the liver, and that Leuckart (1879) 
had given the liver and intestinal forms distinctive names. The oocysts of tho 
intestinal form (E, perforans) measured about 24 by 12 microns, while those of 
the hepatic form {E, stiedce) measured 32 to 37 by 15 microns. Leuckart noted that, 
though rabbits often showed infection of both tho liver and intestine, some animals 
had a liver infection alone, and others tho intestinal one only. Railliet and Lucet 
(1891a) furthermore noted that, during segmentation of the zygote into four sporo- 
blasts, a residual body always occurred in the case of E. perforans, but never in 
E. stiedce. R. Pfeiffer (1892), however, denied this difference, and noted that a 
residual body was sometimes present in both forms. Metzner (1903) and Reich 
(1913) maintained that a residual body was always present in the oocysts of 
E. stiedce. Metzner (1903) inoculated rabbits directly into the duodenum with 
oocysts from the liver of other rabbits, and claimed that he always produced an 
intestinal infection. Lucet (1913), on tho other hand, conducted a careful series of 
experiments with young animals free from previous infection. Ho fod them with 
oocysts from the liver, and in all cases a liver infection alone was acquired, the 
animals dying in twenty-three to thirty-five days without any indication of intes- 
tinal infection. Lucet also noted that, apart from differences in size, tho oocyst of 
the intestinal form wore colourless, while those from tho liver had a yellow tint. 
According to Reichenow (1921a), there is not the least doubt that rabbits are liable 
to infection with two distinct species of Eimeria. Tho recognition of the two forms 
is not always an easy matter, for, though tho majority of the oocysts of E. stiedce 
measure from 30 to 40 microns in length, occasionally smaller ones only 20 microns 
in length are met with. Furthermore, a residual body in tho oocysts of E. stiedce 
does not appear to be a constant feature, nor are the oocysts of E. perfomns, which 
constantly produce a residual body, always colourless, as Lucet maintained. Accord- 
ing to Reichenow (1921a), the shape of the oocysts and the form of the micropyle 
are a more reliable means of distinction (Fig. 351), 1 - 3 ). Tho oocysts of E. stiedce are 
either ellipsoidal or ovoid in shape, while those of E. perjorans are always ellipsoidal 
and often asymmetrical. Those of E. stiedce are flattened at the micropyle end, 
while those of E. perforans are not. The micropyle is easily visible in the case of 
E. stiedce, but it is difficult to detect in E. perforans. The oocysts of E. perforans 
develop rapidly outside the body in about forty-eight hours, while those of E. stiedce, 
under like conditions, take about seventy hours. Waworuntu (1924) has made a 
careful morphological and experimental investigation of the coccidia of the rabbit. 
He finds that the small form, E. perforans, is limited to the intestine, while the liver 
and intestine are liable to infection with three distinct types, one of which is E. stiedce. 
The oocysts of these three types are larger than those of E. perforans, and differ from 
one another in dimensions, shape, and the presence or absence of residual bodies in 
the oocyst and sporocyst (Fig. 361). 
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Tho question of individuality of E. stiedw and E. perforans appears to have been 
placed beyond doubt by P^rard (1924, 1924a), who has succeeded in obtaining pure 
strains of the two species. The former, fed to young specially reared rabbits, 
produces only liver lesions, which prove fatal to the young animals in twenty-eight 
to thirty days, while the latter gives rise only to an intestinal infection, which kills 
tho rabbits in nine to fifteen days. 

Eimeria stiedae (Lindemann, 1865). — Young rabbits and hares are 
specially liable to infection, and they frequently die in large numbers from 
acute hepatitis, which is caused by the active multiplication of the coccidium 
in the biliary epithelium. When an outbreak occurs in epidemic form, there 
may be a high rate of mortality. If the animals survive the acute stage, 
as they not infrequently do, the infection becomes of a chronic type, and 
it is found that the infection still persists, but is limited to certain areas of 
the liver, where the bile ducts have been dilated to form white nodules, 
which may have a diameter of half an inch or more. On section these 
nodules, which are scattered through the healthy liver tissue, are found to 
have the structure of a biliary adenoma, in the epithelium of which all 
stages of development of the endogenous cycle of the coccidium are found 
(Fig. 355). Tn very old infections the coccidia appear to die in these 
liver tumours, which gradually shrink and become fibrotic or even 
calcareous. Infection is spread by oocysts which escape into the 
intestine and are passed in the faeces, or by the dissemination of 
oocysts after the death ot the animal. It is possible that they may 
pass through the intestine ot some carnivorous animal which has devoured 
the rabbit. 

The development of E. stiedw is most readily studied in sections of the 
liver (Fig. 355). In the cells lining the dilated ducts will be found every 
stage in growth from the newly entered merozoite up to the fully formed 
schizont which is breaking up into a very variable number of merozoites 
again. The merozoites escape into the lumen of the bile duct after rupture 
of the enclosing membrane, which is merely the remains of the host cell. 
They enter other cells, and the process of schizogony is repeated. Even- 
tually, certain merozoites develop in the cells into micro- and macro- 
gametocytes. The mature microgametocyte is the largest stage of the 
parasite, and consists of a mass of clear cytoplasm in which several large 
vacuoles occur. Large numbers of nuclei are produced, and these 
arrange themselves on the surface as clusters of fine chromatin granules. 
Each cluster becomes more compact, and finally assumes the characteristic 
comma shape. Finally, the microgametes, provided wdth two flagella which 
arise from the blunt anterior end, as first demonstrated by Wasielewski 
(1898), swim away into the lumen of the dilated bile duct in search of a 
macrogamete. 

ir. 
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Fig. 356. — Diagram of Appearance of a Section of Portion of a Dilated 
Bile Duct of the Babbit's Liver infected with Eimeria stiedw , showing 
Hypertrophy of Epithelium and Various Stages of Development of the 
CoociDiuM (xca. 300). (Original.) 

[For description see oppoatie page. 
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The macrogametocyte, when fully grown, is an ovoid body filled with 
globules of refractile material. The nucleus is central in position, and 
consists of a nuclear membrane, on which chromatin granules are arranged, 
and a central karyosome. The oocyst is formed before fertilization, an open- 
ing or micropyle being left at one end. Through the latter the microgamete 
enters, its nucleus uniting with the macrogamete nucleus, which, as in 
E, schubergi, assumes the spindle form during fertilization. The oocyst wall 
then becomes much thicker and shows a definite double contour. It is 
in this stage that the oocysts are ready to leave the body (Fig. 356). If 
they do not escape from the liver, they remain there unchanged till they 
either degenerate or some chance circumstance brings about their release. 
The oocysts which have escaped undergo the usual development on the 
ground (Fig. 357). The oval mass of granular cytoplasm filling the oocyst 
contracts to a spherical body, which then becomes more or less square in 
outline, with the drawn-out corners consisting of clear cytoplasm, terminat- 
ing in a granule which is eventually thrown off. This stage has been 
called the pyramid stage, as it may be regarded as made up of four 
pyramids united at their bases. The apex of each pyramid is composed 
of the hyaline cytoplasm. Four masses of cytoplasm, the pyramids, 
then separate. There may or may not be a residual body. The four 
sporoblasts thus formed then elongate, and measure from 14 to 18 microns 
in length by 6 to 8 microns in width. Round each of these is formed the 
sporocyst, which differs from that of E. schuhergi in that it is a continuous 
sheath and is not composed of two convex valves. It is slightly more 
pointed at one end than the other. At the pointed end there is frequently 
seen a small knob, and this represents the micropyle, through which the 
sporozoites eventually escape. Each sporoblast divides into two sporo- 
zoites and a residual mass of granular cytoplasm. The sporozoites, 
which have centrally placed nuclei, are slightly curved structures with a 
pointed anterior end and a rounded posterior end in which a refractile 
body of homogeneous structure occurs. This stage being reached, the 
oocysts are ready to infect other rabbits. According to Metzner (1903), 
the sporozoites escape from the sporocysts, make their way through the 

a. Young forms which become either schizonts or gametocytes. 

h. Full-grown multinucleate schizonts. 

c. Merozoites still within cells after schizogony. 

d. Liberation of merozoites after rupture of cell. 

c. Mature raicrogametocyte, with numerous microgametes on its surface. 

/. Section out of middle of mature gametocyte, with microgametes at periphery. 

g. Transverse section of macrogametocyte within epithelial cell. 

h. Longitudinal section of macrogametocyte within cell. 

i. Transverse section of liberated oocyst. 

j. Longitudinal section of liberated oocyst. 

k. Oocysts which are unstained owing to the fact that they were uncut. 

l. Free microgametes, one of which is fertilizing a macrogamete, 
w. Schizont with merozoites in “ barrel ” arrangement. 
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micropyle of the intact oocyst under the influence of the pancreatic fluid, 
and enter the cells of the small intestine to commence the schizogony cycle. 
From the work of Perard (1924a) and others it seems that the sporozoites 
do not invade the intestinal cells, but pass directly to the bile ducts. 
Reich (1913), who has studied the development of the rabbit coccidium, 
believes that two cycles of schizogony occur. One is the ordinary asexual 
multiplication terminating at each generation in about sixteen merozoites 
Eventually merozoites grow into another form of schizont, which breaks 
up into only four merozoites, which are remarkable in that they are flagel- 



Fig. 356 . —Oocysts of Eimeria stiedw from the Contents of a Nodule in the 
Liver of the liABBiT (x 1 , 000 ). (After Wasieleavski, 1004 .) 

lated and have a leptomonas-like structure. These enter other cells and 
develop into micro- or macro-gametocytes. It seems very doubtful if this 
description is correct, for, in the writer’s experience, the number of mero- 
zoites produced varies from about six to thirty or more. Wasielewski 
(1904) stated that as many as a hundred merozoites are sometimes formed, 
but this may be a result of a cell containing several schizonts. The so- 
called flagellum described by Reich may be merely the appearance 
resulting from the adhesion of glutinous material to one extremity of 
the moving merozoite, a not uncommon phenomenon. The statement 
that the schizogony resulting in four merozoites is that which directly 
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precedes ganietocyte formation requires confirmation. It is evident 
that, as in other coccidia, the number of merozoites produced varies 
considerably. 

According to Waworuntu (1924), the merozoites are 8 to 10 microns 
in length. In the formation of the microgametes from the micro- 
gametocyte, Reich describes the central nucleus as giving off numerous 
small buds (heteropolar mitosis) into the cytoplasm. While this is 



Fig. 357. —Development of the Oocyst of Eimeria stiedce op the Kabbit s Liver 
( X 1,250). (After Wasielewski. 1904.) 


taking place, the whole nucleus breaks up into granules, which stream 
through the cytoplasm to collect in groups on the surface, while the 
degenerate remains of the nucleus maintain the original central position. 
It seems more probable, however, that, as in other coccidia, the micro- 
gamete nuclei arise by repeated mitotic divisions, the granules being 
chromosomes. 
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According to Reichenow (1921a), the oocysts of E, stiedce are 20 to 40 
microns in length by 16 to 25 microns in breadth. Waworuntu (1924) 
gives 28 to 44 by 21 to 30 microns as the limits, and P6rard (1924a) 
33 to 43 by 18 to 30 microns. According to the last-named observer, 
90 per cent, of the oocysts vary in length from 35 to 40 microns. They 
are ellipsoidal or ovoid in shape, distinctly flattened at one pole, and of a 
yellowish colour. There is usually a definite and easily detected micropyle 
at the flattened pole. It is represented by an opening in the thick inner 
membrane (Fig. 350, i, 2 ). Outside the body the oocyst becomes mature in 
about seventy hours. The sporocysts are ovoid bodies 14 to 18 microns 
in length. Each contains a definite residual body and has a knob-like 
thickening at one pole. When the sporoblasts form, according to Wawo- 
runtu, a residual body is also left in the oocyst, but P4rard (1924a) points 
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Fig. 358. — Oocysts of Eimeria stiedm, showing Abnormalities of Sporogony 
( X 1,300). (After AA^astelewski, 1904.) 


out that a definite spherical residual body like that occurring in E, per- 
forans does not occur. 

As is true of coccidia in general, the oocysts are very resistant struc- 
tures and highly impermeable. The writer fixed a smear of fa 3 cal con- 
tents in sublimate solution, stained it with hajmotoxylin, and mounted it 
in balsam after dehydration and clearing. None of the reagents had 
entered the oocysts, some of which completed their development up to 
the sporozoite stage on the slide. 

Wasielewski (1904) pointed out that the oocysts occasionally developed 
in an abnormal manner (Fig. 358). The contracted zygote or the four 
sporoblasts without the formation of sporocysts gave rise to sporozoites in 
an irregular manner. 
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Possible Occurrence in Man. — Oocysts of a coccidium which has been 
identified with E, stiedcB have been recorded from the liver of man. 
According to Dobell (1919a), there are five authentic cases on record. 
The first is that of Gubler (18*58). Leuckart (1863, 1879) gave a 
description of a case seen by Dresler, and reproduced Dresler’s drawings 
of the oocysts (Fig. 359). In 1879 he mentions two further cases, one 
of which was seen by Peris and Settler, and the other by Peris 
and von Sommering. The fifth case was described by Silcock (1890). 
From Dresler’s drawings it appears that the oocysts measured about 
20 microns in length. They are thus smaller than the usual type of 
oocyst found in the liver of rabbits. Silcock (1890) alone has seen 
the development of the human form into sporocysts, but he does 
not mention the number of these, nor the 
sporozoites. It is evident that the oocyst 
bears some resemblance to the smaller forms 
of E, stiedcB, as Davainc (1860) noted, but 
the absolute proof of the identity of the 
human one with that of the rabbit is want- 
ing. Guiart (1922) proposes to name this 
form Coccidium gubleri (==Eimeri(f gubleri), 

Eimeria perforans (Leuckart, 1879). — This 
coccidium is limited to the intestine, as noted 
by Leuckart (1879), who was the first to 
recognize it as a different species from the 
form in the liver. Reichenow (1921a) gives 
the measurements of the oocysts as 16 to 23 
by 12 to 16 microns, while Waworuntu’s 
figures are 15 to 30 by 11 to 18 microns. 

They are almost colourless and elliptical in shape, with a tendency to asym- 
metry (Fig. 350, 3). There is no flattening of the pole where the micropyle is 
situated, and the latter opening is very difficult to detect. The develop- 
ment outside the body is completed in forty-eight hours (Fig. 360). The 
sporocyst, which measures 10 to 12*5 microns in length, is an ovoid body 
with a knob at one end. There is a large residual body in the oocyst and 
a small one in the sporocyst. Waworuntu (1924) has studied the develop- 
ment of E, 'perforans in the intestine, and finds that in all its stages it is 
smaller than those of E, stiedce, from which it can be distinguished. The 
merozoites vary in length from 5 to 6-9 microns. Perard (1924a) found 
that the vast majority of the oocysts were between 24 and 30 microns in 
length, and that the average dimensions were 25*5 by 15*5 microns. 
Occasionally, in adult rabbits oocysts as small as 10 by 8 microns were 
seen, but young riibbits infected with these revealed only oocysts of 



Fig. 359. — Oocysts of 
Eimeria guhlcri from the 
Liver of Man. (a, x 330; 
h AND c, X 1,000). (After 
Leuckart, 1879.) 
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normal dimensions. Sometimes o5cysts as large as those of E. stiedce 
were met with. Perard thinks they may represent a variety of the usual 
type, and proposes the name E. perforans var. magna. They may repre- 
sent the large intestinal forms referred to by Waworuntu (1924). P6rard 
noted that in E, perforans the fully developed oocyst always contained a 
spherical residual body in addition to the four sporocysts. As regards 
the micropyle, it is only visible in certain oocysts. When present, it is 



Fig. 360 . — Various Stages in the Development of the Oocyst of Eimeria 
perforans (x 2 , 160 ). (After Waworuntu, 1924 .'! 


represented by an opening in the thick inner coat of the wall, the thin 
outer covering being continued over it. 

Bruce (1919) in America has described what he regards as a distinct 
coccidium, which produces acute and fatal enteritis of young rabbits. 
It is apparently limited to the intestine, and produces oocysts which vary 
in length from 15*77 to 39*84 microns and in breadth from 16*62 to 24*90 
microns. The wall is thick, and in the larger oocysts is of a pinkish orange 
colour. The oocyst wall may be thickened by a deposit of material on 
it. This may cover the whole oocyst or be limited tp special areas. It 
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is especially evident around the very distinct micro pyle. Within the 
oocyst, when sporoblast formation takes place, a residual body, which 
may be larger than the sporoblasts, is formed. The sporocyst contains 
a well-marked residual body also. The nuclei of the sporozoites appear of 
a pinkish colour. Whether Bruce was dealing with a mixed infection of 
E, stiedcB and E, perforans, or a race of one of these with an exceptionally 
large range in the size of the oocyst, or with a distinct species, cannot be 
determined. 

Waworuntu (1924) arrives at the conclusion that, in addition to 
E. stiedcB and E, perforans, rabbits harbour two other forms (Fig. 361), 



2 

Pig. 361 .- Mature Oocysts of the Three Types of Coccidia from the Liver 
AND Intestine of the Rabbit { xca . 1 , 600 ). (After Waworuntu, 1921 .) 

1 . Ehnerni sticdce. 2 . Ewieriasi\i. 3 . Eitneria sp. 

which can be distinguished by their dimensions and the residual bodies. 
That these are actually distinct from E, stiedce cannot be considered as 
finally established. 

A coccidium of the intestine and liver of hares was discovered by 
Nieschulz (1923c) in Holland. The oocyst differs from that of E, stiedce, 
with which the hares were also infected, and measures 26 to 38 by 13 to 20 
microns. It was not possible to infect tame rabbits with this coccidium, 
nor was it discovered in a large number of wild rabbits examined in the 
same locality. Nieschulz named the coccidium Eimeria leporis. 
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EIMERIA IN CATTLE. 

An acute enteritis or dysentery of cattle associated with the presence 
of a species of Eifnefia in the intestine occurs in various parts of the world. 
The parasite was first seen by Ziirn (1878), and given the name Cytosper- 
wiium zuTnii by Rivolta (1878). The correct name for the parasite becomes 
E, ziirnii Rivolta, 1878. 

Eimeria zurnii (Rivolta, 1878). — Zschokke (1892), Hesse (1892), and 
Guillebeau (1893) were the first to describe a definite coccidiosis of cattle 
as a distinct disease in Switzerland. Guillebeau noted that in certain 

years the disease became epidemic, 
and led to considerable mortality 
amongst infected animals. Active 
multiplication of the coccidium 
occurred in both the large and small 
intestine, in the epithelium of which 
all stages of development could be 
found. The oocysts described by 
him resembled those of E. stiedm in 
dimensions, and in the presence of a 
distinct micropyle. Ziiblin (1908) 
studied the development of the 
oocyst outside the body, and ob- 
served the production of four sporo- 
cysts, each with two sporozoites. 
He noted that the majority of 
oocysts varied in diameter from 12 
to 25 microns, while rarely larger 
forms — 30 to 35 microns in length 
by 20 microns in breadth — occurred. 
Jowett (1911) studied the disease 
in South Africa, and gave as measurements of the oocyst a length 
of 14*4 to 27*2 microns and a breadth of 12*8 to 20’8 microns. In Jowett’s 
cases, the oocysts resembled E, perforans of rabbits rather than E, stiedce, 
but differed in that no residual body was formed when division of the 
zygote into sporoblasts took place. It will thus be seen that Guillebeau’s 
dimensions are greater than those of Jowett, so that, as in the case of the 
rabbit coccidia, there may be two species represented. This is borne out 
by the observations of Theobald Smith and Graybill (1918) on coccidial 
dysentery of calves in America. According to these observers, the infection 
is contracted by the calves soon after birth, and the first symptoms of 
actual dysentery appear three to six weeks later. The disease runs a 



Fig. 362. — Oocyst of Eim^eria siirnu 
OF Cattle ( x 2,000). (Microphoto- 
GRAPii BY Dr. Leslie Sheattier.) 


EIMERIA ZliRNII AND EIMERIA FAUREI 843 

course of six to eight weeks. Most usually the oocysts are of the type 
described by Jowett. They measured 13*1 to 28*7 by 12*3 to 20*5 microns. 
The sporoblasts, when first formed, are spherical, and are developed with- 
out any residual body. They soon become ovoid and secrete a sporocyst, 
which has a thick cap at one pole. Within each are produced two sporo- 
zoites which completely fill the sporocyst, and there is no residual body. 
The sporocysts measure 9*9 to 11 microns in length by 5-3 to 5-7 microns 
in breadth. A second type of oocyst was more rarely seen, and this 
corresponds with that seen by Guillebeau and the larger one of Ziiblin 
(Fig. 362). It has a thick wall, is often brownish in colour, and measures 
from 25*8 to 41*8 microns in length by 16‘4 to 24*6 microns in breadth. 
As in the smaller form, no residual body is developed when division into 
sporoblasts takes place. The sporocysts are very much like those seen in 
the smaller oocysts, but in this case there is formed a definite residual body 
along with the two sporozoites. Davis and Reich (1924) in California 
found the oocysts of the coccidium of cattle varying in length from 
24 to 34 microns, and in breadth from 17 to 21 microns. 

EIMERIA IN SHEEP AND GOATS. 

Coccidiosis of sheep was first recorded in America by Curtice (1892), 
and by Stiles and Hesse in the same year. It was noted by M’Fadyean 
(1896) in England, and by Mazzanti (1900) in Italy. Moussu and Marotel 
(1901) studied the disease in France, while Baldrey (1906) observed it in 
India and Mason (1916) in the Egyptian Sudan. Moussu and Marotel 
(1901) named the coccidium Coccidium faurei, 

Eimeria faurei (Moussu and Marotel, 1901). — The oocysts are usually 
ovoid, and measure 20 to 40 by 17 to 26 microns. Spherical oocysts 
18 microns in diameter may also occur. A coccidial infection of lambs 
has been studied by Lerche (1921) in Germany, who found the oocysts 
to measure 27 to 31 by 15 to 23 microns. There is a definite micropyle 
closed by a cap. The sporocyst, which measures 13 by 6 microns, has a 
micropyle at the more pointed end. A residual body may or may not be 
left within the oocyst when the four sporoblasts are formed. Such a 
body, however, occurs regularly within the sporocysts. Davis and Reich 
(1924) in California noted that the oocysts were ellipsoidal or ovoid in 
shape, measured 24 to 40 by 17 to 25 microns, possessed a bulging cap or 
nodule at the micropyle end and had no residual body. Spiegl (1925) has 
given the name Emieria intricata to a form with larger oocysts which have 
rough surfaces and conspicuous pole caps. Sheather (1926) saw the oocysts 
of this species in lambs. They measured 42 to 60 by 31 to 44 microns, while 
the oocysts of E, faurei, also present, measured 20 to 40 by 17 to 23 microns. 

Coccidiosis of goats was first noted by Marotel (1905) in France. He 
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gave the name E, arloingi to the coccidium. It was again seen by Martin 
(1907) and Spiegl (1919) in Germany, by Stevenson (1911) in the Sudan, 
and by Vein (1919) in Morocco. According to Spiegl, the oocysts measured 
21 to 33 by 16*5 to 22-5 microns. It seems not improbable that E. arloingi 
is identical with E. faurei of sheep. In fact, Noller, Schiirjohann and 
Vorbrodt (1922) have conducted cross-infection experiments with sheep 
and goats, and claim to have established the identity of the two forms 
(Fig. 363). 

Various symptoms, chiefly of an enteritic or dysenteric character, have 
been ascribed to coccidiosis. Healthy sheep and goats are commonly 



Fig. 363. — Eimeria faurei from the Intestine of the Goat. (After IS’oller, 
kSchurjoiiann, and Vorbrodt, 1922.) 

1-4. Young schizont in epithelial coll and three types of merozoitc ( x 2,400). 

5-6. Immature and mature oocysts ( x 1,200). 

infected, and when symptoms occur in association with large infections it 
is difficult, as in all such cases, to decide if the condition is primarily one 
of coccidiosis or not. 

EIMERIA IN PIGS. 

Pigs commonly harbour a coccidium of the genus Eimeria. Cauchemez 
(1921a), who suggested the name E. brumpti, points out that Johne (1882) 
saw this organism and regarded it as E. stiedce, while Rivolta considered 
the form seen in the pig as E. ziirnh. The coccidium referred to as Cocci- 
dium jalinum by Perroncito (1901) is merely Blastocystis. The first 
accurate description of the pig coccidium was that of Douwes (1921). He 
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proposed the name E, debliecki, while nine days later [according to Nieschulz 
(1922)], Krediet used the name E. jalinum for the pig coccidium. In the 
same year (1921) Noller proposed the name E, suis and Cauchemez 
E, brumpti. The correct name is evidently E, debliecki, as Cauchemez 
(1922) admits. 

Eimeria debliecki Douwes, 1921. — Douwes observed that the oocysts 
of this coccidium were of two types. Large forms measured 50 by 35 
microns, while smaller ones were 18 to 24 by 15 to 20 microns. He 
believed it possible that two distinct species were represented. Cauchemez 
states that the oocysts are exceedingly variable in size, and gives 13 to 



Fig. 304.“ Oocysts of Eimeria debliecki of the Pig. (1 and 2, after Noller 
AND Franz, 1922; 3 and 4, Original.) 

1-2. Two fxtrofUfH in ^'ize of mature (xieysth of Gennan pigs ( x 1,990). 

3-4. Immature and mature ooeysts from English pigs ( x 1,000). 


30 microns as the length and 9 to 18 microns as the breadth. The oocysts, 
which complete their development in seven to nine days, bear a close 
resemblance to those of E. ziirnii of cattle (Fig. 364). 

Xoller and Frenz (1922) studied E, debliecki, and gave as the measure- 
ments of the oocysts 12 to 33 microns for their length and 10 to 20 microns 
as their breadth, while, judging from their figures, the sporocysts are also 
very variable in size. Those in oocysts 31 microns in length are about 
19 microns long, while those in oocysts 15 microns in length are about 
1 1 microns long. Noller and Franz noted that oocysts of all intermediate 
sizes occur, so that it is impossible to decide whether Douwe’s view that 
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two species occur is correct or not. Davis and Reich (1924) gave 
measurements of 19 to 26 by 16 to 23 microns for the oocysts from pigs 
in California. 


EIMERIA IN CATS AND DOGS. 

There are very few records of the occurrence of coccidia of this genus 
in carnivores, which appear to be much more commonly infected with 
species of Isospora. Virchow (1865) recorded the occurrence of psoro- 
sperms in the bile of a dog, but it is impossible to form an opinion as to 
the nature of these bodies. They may have been eggs of a trematode. 
Perroncito (1876) also described psorosperms from the bile ducts of a dog. 
They were named Cytospermium hepatis cams faniiliaris by Rivolta (1878), 
but they were clearly eggs of a trematode. Guillebeau (1916) described 
coccidia measuring 7 by 12 microns from the liver of a dog. In spite of 
their much smaller size, he identified them with £, stiedw of the rabbit. 
It is not clear that they actually belonged to the genus Eimeria^ Chierici 
(1908), however, recorded what appear to be undoubted Eimeria from the 
bile of a cat. The oocysts, which were ovoid, varied in length from 26 to 
30 microns and in breadth from 17 to 20 microns. Development resulted 
in the formation of four sporoc^ sts, each with two sporozoites. Brown 
and Stammers (1922) recorded the presence of an Eimeria in the fasces of 
three dogs in London. It was described by the writer (1923a), who gave 
it the name E, canis. Another form, which occurred in a cat in Holland, 
and which may be identical with the one seen by Chierichi, was named 
E.felina by Nieschulz (1924a). 

Eimeria canis Wenyon, 1923. — This coccidium, which was seen only in 
the oocyst stage, was discovered in the faeces of three dogs in London (Fig. 
365). Nieschulz (1924) has met with it in a dog in Holland. The oocyst was 
ellipsoidal or ovoid in shape, and varied in length from 18 to 45 microns 
and in breadth from 11 to 28 microns. There was a thick wall, in many 
cases covered by an outer rough membrane of considerable thickness, 
which tended to separate from the true wall of the o5cyst. It was often 
represented by fragments adherent to the true o5cyst wall. In many 
cases no such outer membrane occurred. When present, it left one end of 
the oocyst uncovered where a definite micropyle could be detected. A 
curious feature of the oocysts was their red or pink colour, a feature which 
was noticed by Bruce (1919) in a very similar coccidium seen by him in 
rabbits in America (see p. 840). 

The oocysts completed their development in three or four days. The 
cytoplasm contracted to a sphere, which sometimes remained attached to 
the micropyle region by a pedicle. Lines radiating from the micropyle 
in some oocysts appeared to indicate the presence of a fine inner membrane 
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lining the oocyst. The division into sporoblasts was effected by the 
cytoplasmic mass becoming quadrangular. The angles of this' mass then 
formed four pyramids with clear tips, which separated as sporoblasts, with 
or without the formation of a small residual body. The sporoblasts then 
became elongated and produced sporocysts, which frequently had a knob 
at one end. This knob undoubtedly represents the micropyle. Within 
the sporocysts, which vary in size with the oocyst, are formed two sporo- 
zoites and a residual body. 

In many respects E, canis resembles a mixed infection of JB. stiedce 
and E. perforans of the rabbit. In the range in size of the oocysts it is 



rio. 11^5. —Eimeria canis: Extracorporkal Development of Oocysts wiiicir 
Vary Considerably in Size ( x 970). (After AVenyon, 1923.) 


similar to E, debliecki of the pig, as described by Cauchemez (1921a). 
The only coccidium which resembles it to any extent is the form described 
by Bruce from the rabbit. In this case the oocysts were of a pinkish 
colour, and often had an outer covering in the form of a thick coarse 
membrane. 

Eimeria felina Nieschulz, 1924. — This form w^as discovered by Nieschulz 
(1924a) in the fsBces of a cat in Holland. The oocysts, which measure 
21 to 26 by 13 to 17 microns, resemble the intermediate-sized oocysts of 
E, canis. They were, however, colourless, and did not have the thick 
outer membrane seen in many of the oocysts of E. canis. Moreover, the 
variation in the size of the oocysts was not so great as in those of E. canis. 
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On account of these differences, Nieschulz established the new species. 
Chatton and Blanc (1917) mention the occurrence of an Eimeria in the cat 
in Tunis. Merozoites were figured, but no other details were given. 

EIMERIA IN RATS, MICE, AND OTHER SMALL MAMMALS. 

Tlio coccidium of the moiiso was first soon and studied by Eimer (1870), who 
called it ‘‘ Gregarina " falciformis. He described the process of schizogony, and 
conjectured that the oocysts were destined to convoy infection to now hosts. He 
mentions the occurrence of similar coccidia in rats. Though Kimor had expressed 
it as his oi>inion that the cysts containing a number of falciform bodies (merozoites) 
wore merely stages in the develop niont of the same parasite, which gave rise to the 
psorosporms (oocysts), later writers did not accept this view, and thought that two 
distinct parasites wore represented. Aim6 Schneider (1875n) founded the genus 
Eimei'ia for the parasite in its schizogony stage, and named it E. falcAformis, 
while Rivolta (1878) called it Greganua muris. This parasite was referred to as 
E. falciformis by Pfeiffer (1890) anil by J^abb^ (1896). It was studied by Schnberg 
( 1 892), who placed it in Louckart’s genus Coccidium as Coccidium falciforme. Jackson 
(darke (1805) described certain stages in the intestinal epithelium of mice without 
understanding their significance. He, however, noted that the oocyst devoloj)od 
four sporocysts, each with two sporozoites. Scliuberg (1895) gave an excellent 
account of the development of the mouse coccidium. He described the process of 
schizogony, the formation of the oocyst from the rnacrogamete, and the formation of 
numerous minute bodies by the microgametocyte, whic/h ho suggO'^l.od might be 
destined to fertilize the macrogamotes. Labbe (1899) took a retrograde step in 
describing as E. falciformis the schizogony stages of the parasite and as (\ falciforme 
the oocyst., though he suggedod the possibility of the two being nuuely different 
developmental forms of one parasite. That this was actually the case was clearly 
recognized after Schaudinn (1990) had demonstrated the complete life-cycle of 
E. scliuhergL Reich (1913) described stages in the development of the microgametos, 
the biflagellate nature of the microgamete, the development of the inacroganiet.e, and 
its fertilization by the microgamete. The coccidium first mentioned by Eimer 
(1870) and later by (Irassi (1881«) as eccurring in rats has been regarded as identical 
with that of mice, but Nollor (1920^;) failed to infect rats with ripe oocysts obtained 
from mice, while Dieben (1924) appears to have proved it to bo a distinct species. 
Labb6 (1899) mentions the occurrence of a coccidium, which he regarded as a varitdy 
of E. perforans, in the guinea-pig, the hamster, Cricetus frumetitarias, and Mu stela 
vulgaris, Ualli- Valerio {190 6a) gave the name E. arvicolw to a form in Arvicola 
nivalis. Later ho (1922) named a form in the squirrel (Sciurius vulgaris var. alpiua) 
E. sciurorum, and in the following year (1923) one in the marmot [Arctomys marmotu) 
E. marmotce, Xoller (1920b) named the coccidium of the hamster E. falciformis v«ar. 
criceti. Lavier (1924a) has described as E. hessei a coccidium found in the int<).stine 
of Hie bat, Bhinolophus hippos ideros. 

Eimeria falciformis (Eimer, 1870). — This coccidium is a common para- 
site of mice. It develops chiefly in the epithelial cells of the small intestine, 
but may also occur in the large intestine and also the stomach, as pointed 
out by Jackson Clarke (1895). In severe infections Reich (1913) noted 
that, the parasite invaded the subepithelial tissues. It gives rise to an 
acute enteritis. In experimental mice fed with ripe oocysts on the fourth 
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and fifth day, Noller (1920&) noted that the intestinal epithelium contained 
enormous numbers of schizonts. Oocyst formation began about the fifth 
day. It was shown that, as the infection abated, a superimposed infection 
could be induced by again feeding the animals with ripe oocysts. It was 
found impossible to infect rats or dogs with the coccidium of the mouse. 

Mice in England are commonly infected with E, falciformis^ and in the 
early stages of infection all phases of development are seen in sections 
of the intestine (Fig. 366). In later stages the only forms which can be 
found are the gametocytes, and in such cases it is possible to trace the 



Fig. 366 . Stages in Development of Eimeria falciformis as seen in Sections 
OF THE Intestine of Mice (x 2 , 400 ). (Original.) 

1. Section of schizont. 2-4. Bundles of merozoites resulting from schizogony. 

5-0. Section through bundles of merozoites. 

7. Longitudinal section of bundle of merozoites. 

8-11. Development of microgametocyte and formation of macrogametes. 

12. Section of macrogametocyte. 

development of the male gametocyte without fear of confusion with the 
developing schizonts. 

The merozoites produced by the mature schizonts vary both in size 
and number. There may be only eight, and possibly less, or as many as 
thirty or more. They are elongate falciform bodies, which often lie round 
a central residual mass of cytoplasm like ribs of a barrel or segments of 
an orange. The number of merozoites produced varies with the size of 
the mature schizont. The male gametocyte, when mature, is a large 
irregularly shaped cell, on the surface of which are numerous nuclei. 

11 . 55 
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These have arisen during the growth of the gametocyte by repeated 
nuclear divisions. Finally, there are formed numbers of comma-shaped 
microgametes each of which, according to Reich (1913), is provided 
with two flagella like the microgametes of E. schubergi. The micro- 
gametes, when first formed, lie in the vacuole in the host cell around a 
large residual body. The macrogametocyte is a large ovoid or almost 
spherical body containing a central nucleus and globules of refringent 
material in its superficial cytoplasm. Fertilization, which was described 
by Reich (1913), takes place after formation of the oocyst around the 
macrogamete. The oocysts are often almost spherical, and measure from 
16 to 21 microns in length by 11 to 17 microns in breadth (Fig. 367). The 



Fig. 367. — E inter ia falciformis : Ooctsts in Different Stages of Development, 
SHOWING Variations in Shape, from White Mice (x 1,100). (Driginal.) 

development of the oocyst outside the body is completed in five or six 
days. During the formation of the four sporoblasts a pyramid stage 
occurs, with a refringent granule at the apex of each pyramid, as in 
E. stiedcB. A small residual body may or may not occur in the oocyst. 
The sporocysts have a breadth of about two-thirds of their length. There 
is a well-marked micropyle at one end of the sporocyst, within which are 
the two sporozoites and a definite residual body. 

Eimeria nieschulzi Dieben, 1924. — It has usually been supposed that the 
Eimeria of the rat is identical with that of the mouse, but Dieben (1924) 
has shown that the oocysts of the rat form measure 18 to 26 by 14 to 20 
microns. They are thus larger than those of E. falciformis, and, further- 
more, they differ in shape in that one end tends to be more pointed than 
the other. The merozoites vary in length from 7*5 to 26 microns, and in 
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breadth from 1*5 to 1*8 microns. Attempts to infect mice, guinea-pigs, 
and rabbits with the rat form failed, though it was possible to infect 
both Rattus rattus and R, norwegicus. On account of these observations 
Dieben, who has given a detailed account of its life-history, gave the name 
E. nieschulzi to the rat coccidium. 

Eimeria caviae Sheather, 1924. — The coccidium of the guinea-pig, 
which was first noted by Labbe (1899), who regarded it as E. perforans, 
is of fairly common occurrence. Strada and Traina (1900) stated that it 
occurred in the liver as well as in the intestine. Bugge and Heinke (1921) 
described the oocyst as measuring 15*9 to 24*6 by 12*2 to 17*4 microns. 
Dieben (1924) stated that the odcysts could be distinguished from those of 
the rat coccidium, and that it was not improbable that it is a distinct 
species. Sheather (1924) has described the guinea-pig parasite and given 
it the name E, cavice. He found that the various stages resembled those 
of the coccidia of the rabbit, but occurred only in the large intestine. 

EIMERIA IN MAN. 

Though species of Eimeria are such common parasites of the intestine 
of domestic animals, the human intestine appears to be free from them. 
Dobell (1919a), in his paper already referred to, has reviewed the literature 
on the subject of human coccidiosis. Many of the structures recorded 
as coccidia from the skin and organs of man are not of this nature, and 
others have been so imperfectly described that their identity cannot 
be determined. Dobell (1919a, 1921a) concluded that apart from the 
genus Isospora there were four species of Eimeria parasitic in man. One 
of these (E. gubleri) has been mentioned above (p. 839). The others, the 
oocysts of which were found in human faeces, were named E. wenyoni, 
E, oxyspora and E, snijdersi. It now transpires from the work of Thomson 
and Robertson (1926) that, as the writer had long suspected, these are 
not human parasites, but merely E, clupearum and E, sardince of herrings, 
the oocysts of which had been ingested and were passing through the 
human intestine. The possibility of this was stated by the writer in the 
original manuscript of this treatise, and it explains the fact well expressed 
by Dobell (1921a) in the following words: “ Their cysts have suddenly 
appeared in the stools and then promptly vanished — never to return.’’ 

Eimeria clupearum (Theolhan, 1892). — This coccidium, which was 
named E. wenyoni by Dobell (1919a), who considered it to be a human 
parasite, was discovered by the writer ( 19155 r) in the faeces of a patient 
returned to England from Gallipoli. The oocysts were not present in 
large numbers, but one or two could be found in each cover-glass prepara- 
tion. What was possibly the same coccidium was later seen by Roche 
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(1917) in three cases in Salonika, while Knowles (1924) records a case 
from Calcutta. The oocyst is spherical, and has a diameter of about 
20 microns (Fig. 360, ii). It possesses a fairly thick wall, which is 
roughened on its outer surface and lined by a more delicate membrane on 
its inner surface. It is of a light brown or yellow colour. Four sporocysts 
occur, each having rounded ends and measuring about 10 by 7 microns. 
They are roughened on their outer surface. Each sporocyst contains two 
sporozoites and a residual substance in the form of one or more masses of 
refractile material. Each sporozoite, with rounded anterior and pointed 
posterior end, contains an ovoid refractile body in its anterior portion. 

The writer had already suggested in the manuscript of this work that 
there was a possibility that Dobell’s E, wenyoni was merely Th^olhan’s 
E, clupearum (see p. 860). Thomson and Robertson (1926) have now 
shown that the oocysts of E, clupearum occur in large numbers in the livers 
of herrings, sprats and mackerels. There is no question that this is the 
source of the oocysts in the human faeces. Dobell’s name Eimeria 
wenyoni becomes a synonym of E. clupearum which was described and 
figured by Thelohan (1892, 1894). 

Eimeria sardinae (Thelohan, 1890). — This coccidium, which was seen 
by Dobell on two occasions in the faeces of a patient who had contracted 
amoebic dysentery, was, on the assumption that it was a new human 
parasite, named by him Eimeria oxyspora. It was present in extremely 
small numbers. Only the oocysts were seen, and these were passed in 
the faeces in the fully developed form. The oocyst was spherical, with a 
diameter of about 36 microns, and possessed of a wall composed of two 
distinct layers — an inner fairly thick and uniform, and an outer which 
appeared composite, and encrusted with adherent bacteria and other 
foreign particles from the faeces. The wall as a whole was faintly yellow 
in colour, but quite transparent. The four sporocysts were sharply 
pointed at each end, and measured from 30 to 32 microns in length by 
7*6 microns in breadth. The sporocyst was composed, as usual, of a tough 
inner coat (endospore) and a deciduous thin outer one (epispore). The 
two sporozoites within each sporocyst were long and slender, with rounded 
posterior and pointed anterior ends. The rounded end of each sporozoite 
contained an ovoid body. Between the latter, which Dobell considered to be 
the nucleus, and the blunt posterior end of the sporozoite were two or three 
bright fusiform bodies. A few granules occurred in the cytoplasm anterior 
to the nucleus. The residual body was represented by a few scattered 
granules lying near the middle of the sporocyst. Similarly, the residual 
body of the oocyst was represented by a small number of granules lying 
outside the sporocysts. 

A similar case in a woman who had never been out of Europe save for 
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two months spent in Malta in 1920 was studied by Broughton- Alcock and 
Thomson, J. G. (1922). This case, the second to be described, differed 
from that studied by Dobell in that large numbers of oocysts were present 
in the faeces in all stages of development (Fig. 368). These varied in 



Fig. 368 . — Eimeria oxyspora ( — E, sardinw) : Oocysts from Buoughton-Alcock 
AND Thomson’s Case ( x 1,300). (Original.) 

1. Oocyst with somewhat retracted zygote. 

2. Oocyst with four sporo blasts and globules representing a residual body. 

3. Oocyst with four sporocysts and residual bodies. 

4. Mature oocyst with four sporocysts, each with two sporozoites and globules representing 

residual bodies. 

diameter from 33-6 to 60-6 microns, wdth an average of 42*5 microns. The 
zygote segmented into four pyramidal sporoblasts and some residual cyto- 
plasm. The sporoblasts became elongated and secreted sporocysts, which 
varied in length from 25 to 30 microns and in breadth from 6 to 7 microns. 
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The sporoblasts divided into two sporozoites and some residual cytoplasm. 
The length of the sporozoites was, on an average, 19*6 microns and the 
breadth 3 microns. Slightly in front of the centre of the sporozoite a small 
spherical nucleus with a central karyosome could be detected. Some 
of the sporozoites showed the short fusiform structures which Dobell 
described as occurring at their rounded anterior ends, while some, again, 
possessed an ovoid retractile body in this region. The latter was regarded 
by Dobell as the nucleus, which, however, is more central in position and 
less clearly visible. The ovoid retractile body is very frequently present 
in the anterior part of the sporozoites of coccidia. A third case has been 
recorded by Thomson and Robertson (1922) in England. 

As in the case of E, clupearum (E, wenyoni) the work of Thomson and 
Robertson (1926) has shown that this organism is not a human parasite, 
and that the oocysts are merely those of E. sardinw described by Thelohan 
(1890) as occurring in the testis of the sardine. Thomson and Robertson 
have found it in large numbers in the “ soft roe ” or testis (both fresh and 
tinned) of the herring and sprat, which are common articles of diet. The 
oocysts, as suggested by the writer in his manuscript, were merely passing 
through the human intestine. 

In this connection it is necessary to mention another coccidium, only 
the oocysts of which have been found in human faeces (Fig. 350, 12 ). It was 
discovered by Snijders (1921) in Sumatra in a case of amoebic dysentery, 
but was seen only on one occasion. It has been described by him (1921) 
and also by Dobell (1921a), who examined some of Snijder’s material and 
gave the organism its name. 

The oocysts occurred uniformly in all parts of the faeces, and were 
spherical transparent bodies measuring 40 to 48 microns in diameter. 
There was an inner wall surrounded by an ill-defined mucous layer. 
Four pointed sporocysts occurred in each oocyst, and they measured from 
20 to 25 microns in length by 7 to 8 microns in breadth. The sporozoites 
were elongate bodies pointed at one end (anterior) and blunt at the other 
(posterior). The residual body of the oocyst was represented by a few 
vestiges, but that of the sporocyst was more definitely present in the 
form of one or two small, highly retractile, spherical bodies of varying size. 
The majority of the oocysts were fully developed in the stool, which had 
been passed only half an hour before examination. A certain number of 
incompletely developed oocysts were, however, also present. It was 
found that many of the oocysts were in a degenerate condition. 

It will be noted that this coccidium was regarded by Dobell as a distinct 
species, chiefly on account of the measurements of the oocysts and 
sporocysts, which differed from those of the form he named E, oxyspora. 
The case studied by Broughton- Alcock and Thomson enabled them to 
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demonstrate that there was a much greater variation in the size of the 
oocysts and sporocysts than Dobell had noted in the case studied by him. 
Furthermore, the material on which the measurements of E, snijdersi were 
made had been fixed and mounted, a procedure which is not calculated to 
give accurate pictures of oocysts. The size of the oocysts of E. snijdersi^ as 
given by Dobell, fall within the range of those of E, oxyspora, while the 
largest sporocysts of E, snijdersi are equal to the smallest of E, oxyspora. 
It seems, therefore, not improbable, as suggested by Broughton- Alcock and 
Thomson, that E, snijdersi and E, oxyspora are identical, and that the 
differences noted by Dobell are to be accounted for by the fact that the 
material examined by him was not satisfactory for a detailed study of 
the normal appearance of oocysts. As E, oxyspora is in reality a coccidium 
of the testis of herrings, the heat employed in cooking the fish would 
account for any minute differences and the degenerate condition. Because 
many of the oocysts seen by Snijders were in this condition, Brug (1922a) 
suggested that this coccidium was possibly not a human parasite, but an 
animal form which has been eaten with food. Brug’s conjecture has been 
amply justified, and there is little doubt that, like E, oxyspora^ E, snijdersi 
is merely E. sardine, 

Brumpt (1918) states that the French armies were infected with 
“ Eimeria ” up to ()'2 to 0*33 per cent. He does not describe the organism, 
however, so it cannot be identified. Chatton (1918) records three cases 
of Eimeria infection in Tunis. He also does not describe the coccidia, 
but Mesnil (19i9a) thinks they were probably E, wenyoni (E, chi pear urn), 

EIMERIA IN OTHER MAMMALIA. 

Pachinger (188o) described oocysts of a coccidium from the kidneys 
of horses. The parasite was said to resemble E, falciformis of mice. 
Sampson (1917) stated that he had seen coccidia in the thickened mucosa 
of a horse which had become emaciated. From his meagre description it 
is impossible to tell if he was actually dealing with a coccidium, while the 
measurement he gives (3 mm.) is evidently incorrect. Selan and Vittorio 
(1924) state that they have found a coccidium named by them E. utinensis 
in the lungs and gall bladder of a horse in Italy. The description and 
figures are so unsatisfactory that it is impossible to form an opinion of 
the nature of the structures depicted. 

Triffi t (1924) has described as E. canna a parasite of the eland (Orias 
canna). The oocysts measured 23-5 to 34 by 16-5 to 20 microns. It 
resembles the larger form found in cattle. Sheather (1923) noted the 
oocysts of a coccidium, probably an Eimeria, in the fa)ces of an elephant. 
The writer and Scott (1925) discovered an Eimeria in the w^allaby 
{Macropus bennetti). The usual forms occurred in the epithelium of the 
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intestine, while the oocysts measured 22 to 34 by 10 to 17 microns and the 
sporocysts 7 to 11 by 6 to 8 microns. The name E, macropodis was 
given to the parasite* 


EIMERIA IN BIRDS* 

The first ooccidium to bo discovered in birds was one seen in fowls by Rivolta 
(1869). It was referred to by Eimer (1870). Rivolta (1873) described the parasite 
as Psorospermi del polli, and to its presence he ascribed enteritis, laryngitis, rhinitis, 
stomatitis, conjunctivitis, and an inflammatory condition of the comb of chickens. 
In the same year Rivolta and Silvestrini (1873) wrote of it as Psorospermium avium. 
In his paper on the classification of those parasites, Rivolta (1878) named the 
organism Qregarina avium intestinalis, and stated that it occurred, not only in 
domestic Gallinacoae, but also in the blackbird, crow, and other birds. It is evident 
that Rivolta was referring almost entirely to the oocyst of the coccidia of fowls, 
which is an Eimeria, though he included the coccidia of the crow and other birds, 
which are now known to belong to the genus Isospora, Some observers, as, for 
instance, Reichenow (1921a), conclude that the name P. avium referred to an Iso- 
spora, but it is perfectly clear that Rivolta and Silvestrini gave their name to the 
parasite of chickens. Harz (1886) refers to the fowl parasite as Ooccidium rivolta, 
a name which had been given by Grass! (1879) to an Isospora of the cat (p. 809). 

Railliet and Lucet (1890a) described as O. irimcatum a coccidiurn of the kidney 
tubules of geese. The oocysts resembled those of E, stiedw, but were smaller. 
It was included in the genus Jart ina by L6ger and Hesse (1922). Railliet and Lucet 
( 1891 ) published an account of coccidiosis in fowls, and named the parasite C. tenellam, 
which name is often used for the chicken coccidiurn. 

Eimeria avium (Rivolta and Silvestrini, 1873). — This is an intestinal 
coccidiurn of birds, and has been recorded in ducks, geese, chickens, 
pheasants, peacocks, turkeys, grouse, and other game birds (Fig. 350, 4). 
Hadley (1911) studied the infection especially in turkeys. Railliet and Lucet 
(1891a) stated that the infection was limited to the caecum, but Hadley 
found that any part of the intestine, from the oesophagus to the rectum, 
might be involved, though the caecum was the site of the heaviest infection. 
In large infections he noted that the parasites were not limited to the 
epithelial cells, but had spread to the subepithelial tissues, where large 
masses of reproducing organisms were found. The oocyst, according to 
Hadley, varies very much in size, and may be as large as 38 by 29 microns 
or as small as 10*5 by 9 microns. The schizonts also vary in size 
from 10 by 8 to 58 by 32 microns. The largest schizonts produce over 
300 merozoites, and the small ones from six to twenty. Intermediate 
forms also exist. The majority of observers have only noted the smaller 
schizonts, so that the possibility of two species occurring has to be con- 
sidered. The oocyst is ovoid, and has a micropyle at one end. It completes 
its development outside the body in two to three days at summer tempera- 
tures. There are produced the usual four sporocysts, each containing 
two sporozoites and a residual body (Fig. 350, 4). 
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The measurements in microns given by different observers for the 
oocysts of E. avium from chickens, grouse, and turkeys vary considerably, 
as the following table shows: 

Oocysts. Sporocysts. 


Eailliet and Lucet, 1891 (chicken) 
Fantham, 1910 (grouse) 

Hadley, 1911 (turkey) 

Jowett, 1911 (chicken) 

Gerard, 1913 (chicken) 

Keichenow, 1921 (chicken) 
Nieschulz, 1925 (chicken) 
Nieschulz, 1925 (turkey) 


21-25x17-19 
25-38 X 14-20 
10-5-38-28X 9-29-04 
15-28x15-23 
23-24x18-19 
15-20x13*5-18 
14-27 X 12-22 
17-31x14-24 


12X7 

9- 10x4-5 
12x7 

10- 11 X 5-5-0 


Healthy birds are frequently found infected with this coccidium, but 
it is only in sick birds that very large infections occur. Whether in these 
cases the symptoms are entirely due to the coccidia or whether some other 
disease has lowered the resistance of the bird and enabled the coccidial 
infection to extend beyond the usual limits is difficult to state. Hadley 
at one time thought that the coccidia were responsible for a disease 
known as blackhead in turkeys, and Fantham that an epidemic with high 
mortality rate amongst young grouse in Scotland was due to the same 
organism. In both cases it is probable that the diseases were due to 
some other primary cause. Epidemics amongst newly hatched chickens 
are often the cause of serious mortality. 

The great variations in the size of the oocyst and other stages possibly 
indicate that there are more than one species of Eimeria in these birds, 
though Fantham (1910a) claims to have infectedyoung chickens and pigeons 
by feeding them with fully developed oocysts of the grouse coccidium. 

Eimeria pfeifferi (Labbe, 1896). — This coccidium is a very common intes- 
tinal parasite of pigeons, and was named Coccidium pfeifferi by Labbe in 
1896, but there has been considerable doubt as to whether it is distinct 
from E. avium. It has been studied by Nieschulz (1921a, 19216, 1925a). 
The oocysts measured from 15 to 26 microns in length by 14 to 24 microns 
in breadth. The sporocyst, which has one end pointed and the other 
rounded, measures on an average 12*5 by 6*5 microns. There is no evident 
micropyle in the oocyst, and no residual body is formed within it, 
but a large one appears in each sporocyst. At the pointed end of the 
sporocyst there is a retractile knob. It will be seen that the measurements 
of the oocysts agree very closely with those given by Nieschulz {1925a) 
for E. avium of the chicken. This observer finds, however, that the 
oocysts of the pigeon coccidium tend to be spherical and those of the 
chicken coccidium ellipsoidal. Schizogony is of the usual type, and pro- 
duces, as a rule, from fifteen to twenty merozoites, which vary in length 
from 5*5 to 9 microns. Nieschulz (19216) attempted, without success, to 
infect chicks with the coccidium of the pigeon, though a control chick 
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acquired a heavy infection after ingesting a small number of oocysts from 
a fowl. In further experiments (1925a) he succeeded in producing a mild 
infection in two of twenty chicks fed with numerous oocysts. These two 
chicks later acquired a heavy infection of E. avium from chickens. 

Jarrina paludosa Leger and Hesse, 1922. — Under the generic title 
Jarrinay Leger and Hesse (1922) described as J. paludosa a small coc- 
cidium of birds (Fulica atra and Gallinula chloropus). It resembles an 
Eimeria, but the oocyst shows two peculiarities. The wall is punctate 
owing to fine canals which traverse its substance, while the end at which 
the micropyle is situated is drawn out like the neck of a bottle. The 
schizonts measured 10 microns in diameter, the microgametocytes 9 by 7 



Fig. 369 . — Oocysts of Varioits Species of Eimeria and Jarrina, (1 and 2 , after 
L^ger and Hesse, 1922 ; 7 . after Dobell, 1908 ; Others, after Laveran 
AND Mesnil, 1902 .) 

1-2. Jarnna paludosa from intestine of bird ( x 1,200). 

3*5. Eimeria mitraria from intestine of tortoise, Damonia reevesi ( x 1,100). 

6. Eimeria ranarum {x 1,000). 7. Eimeria ranee ( xca. 1,000). 

8-10. Eimeria {Paracoccidium) prevoti (x 1,(X)0). 

microns, and the macrogametocytes 12 microns. The oocysts, as seen in 
the faeces, measured 14 by 11 microns (Fig. 369, 1 - 2 ). Fifteen days at a 
temperature of 18° C. were required for complete development of the 
oocyst. The sporocyst was equally pointed at each end, and measured 
9 by 5 microns. Leger and Hesse believe that the small coccidium 
described by Labbe (1894) as 0. roscoviense from the snipe and that 
recorded by Kailliet and Lucet (1890a) as C, truncatum from the kidney 
of the goose may belong to this genus. 

Lerche (1923) describes an Eimeria which develops in the kidney 
tubules of the goose in Germany. It often gives rise to a fatal infection. 
The oocysts, which measure 14 to 22 by 11 to 15 microns, are rounded or 
ovoid in shape, and do not have the truncated end, as described by Kailliet 
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and Lucet, though a slight flattening at the micropyle is sometimes seen. 
Sporogony resembles that of E, stiedcs, while schizogony occurs in the 
cells of the kidney tubules. It is possible that this form, which was also 
studied by Spiegl (1921), is E, truncata. 

EIMERIA IN COLD-BLOODED VERTEBRATES. 

Frogs and other cold-blooded vertebrates also harbour species of 
Eimeria, Frogs, in addition to the Isospora described above, are, accord- 
ing to Noller (19206), liable to infection with four species of Eimeria. 

Eimeria ranarum (Labbe, 1894). — This coccidium was studied by 
Laveran and Mesnil (19026). It is parasitic in the nuclei of the intestinal 
epithelium, and produces oocysts measuring on an average 17 by 12 microns 
(Fig. 369, 6 ). 

E. prevoti (Laveran and Mesnil, 1902). — This form is a parasite of the 
cytoplasm of the intestinal epithelium, and has oocysts having average 
dimensions of 17 by 12 microns (Fig. 369, 8 -io). It is remarkable that, 
after the formation of sporozoites in the usual manner, |he sporocysts 
dissolve, leaving the eight sporozoites free in the oocyst. For this reason 
Laveran and Mesnil (19026) placed the parasite in a distinct genus {Para- 
coccidium). It appears, however, that dissolution of the sporocysts may 
occur in undoubted Emieria, as, for instance, E.falciforrnis of mice. 

E. ranae Dobell, 1908. — The oocysts of this form measure 18 by 22 
microns. The four sporocysts are pointed at each end, and in this respect 
resemble the oocysts of gregarines (Fig. 369, 7 ). 

E. neglecta Noller, 1920. — This species is a parasite of the intestine of 
the tadpole. It apparently does not occur in the adult frog. The oocyst 
is spherical, and has a diameter of 9 to 10 microns. 

Newts and salamanders also harbour coccidia belonging to this genus. 

E. salamandrae (Steinhaus, 1889), with spherical oocysts varying in 
diameter from 18 to 30 microns, develops in the nuclei of the cells of the 
intestine of the salamander. E. propria (Aime Schneider, 1881) possesses 
oocysts measuring 30 to 36 by 21 to 30 microns, and is an intestinal 
parasite of newts. 

E. mitraria (Laveran and Mesnil, 1902). — This coccidium was discovered 
by Laveran and Mesnil (1902) in the intestine of the tortoise {Damonia 
reevesi). It is peculiar, not only in the character of the oocysts, which are 
serrated at the end, but also in that the complete cycle of development 
appears to occur outside the cells in the lumen of the intestine (Fig. 369, 3 - 5 ). 

Other species of Eimeria occur in reptiles, amphibia, and fish, and it is 
possible that most, if not all, vertebrates are liable to infection with these 
parasites. As noted above (p. 851) the oocysts of E. sardince and E. clu- 
pearum of the herring may occur coprozoically in human fa3ces. 
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The following forms have been recorded: 

Snakes : 

E, cerastis Chatton, 1912 : Cerastes vipera and C. cornutus (oocysts, 40 x 20 
microns). 

E, sp. Phisalix, 1921: C, cornutus (oocysts two sizes. 10 microns and 25x 18 
microns). 

E. crotali Phisalix, 1919: Crotalus terrifious (oocysts, 32 x 22 microns). 

E, cystis-fellecB Debaisieux, 1914: Tropidonotus nairix (oocysts, 30-38x20-26 
microns). 

E. zamensis Phisalix. 1921: Zamensis sp. (oocysts, 28-30 x 15-18 microns). 

E, tropidonoti Guy^not, Navillo and Ponse, 1922: T, natrix (oocysts, 20 x 10 
microns). 

E. pythonis Triffitt, 1925: Python molurus and P. sehce (oocysts, 17-36 x 11-5-23 
microns). 

E, sp. Grassi, 1888: Coronella austriaca (oocysts, 14-15 microns). 

Lizards : 

E, agamce Lavoran and Pettit, 1910: Agama colonorum (oocysts 20-25 x 11 >14 
microns). 

E. scinci Phisalix, 1923: Scincus officinalis (oocysts, 32 x 25 microns). 

E. raillieti L4gor, 1899: Anguis fragilis (oocysts, 18 microns in diamotor). 

E. sp. Eirnter, 1870; Danilewsky, 1896: Lacerta sp. 

Tortoise: 

E, mitraria Lavoran and Mesnil, 1902: Damonia reeves ii (oocysts, 10-15 microns). 
E. legeri Simond 1901: Emyda granosa (macrogamotos, 16-18 microns). 

E, delagei Labb6, 1893: Emys orbicularis (oocysts, 25 microns). 

Crocodiles : 

E. kermorganti Sirnoiid, 1901 : Gavidlis gangeiicus (macrogamotos, 20 >22 microns). 
E. sp. Solgor and Gabriel, 1876: Crocodilus sp. 

Fish: 

E. suhepiihelialis Moroff and Fiebiger, 1905: (^arp (oocysts, 18-21 microns). 

E, rouxi Elmassian, 1909: Tench (oocysts, 10 microns). 

E. gadi Fiebiger, 1913: Gadus virens, G. morrhua, G. ceglefinus (oocysts, 20-28 
microns). 

E. percce Dujaric de la Riviere, 1914: Perch (oocysts, 12 microns). 

E. metchnikovi Laveran, 1897: Gohio fluviatilis (oocysts, 20-25 microns). 

E. cotti Gauthier, 1921: Coitus gohio (oocysts, 10-11 microns). 

E, piraudi Gauthier, 1921: C. gohio (oocysts, 11-13 microns). 

E, trutice L6ger and Hesse, 1919: Salmofario (oocysts, 10-12 microns). 

E, alhurni Stankovitch, 1920: Cyprinus gohio (oocysts, 20 microns). 

E, cyprinorum Stankovitch, 1921 : Leuciscus rutilus, Scardinius eryihrophihalmus, 
Barbus fluviatilis f Phoxinus Icsvis (oocysts, 12-13 microns). 

E, cylindrospora Stankovitch, 1921: Alburnus lucidus (oocysts, 10-11 microns). 
E, soufios Stankovitch, 1921: Squalius agassizii (oocysts, 17-18 microns). 

E, anguillcB Leger and Hollande, 1922: Eel (oocysts, 10 microns). 

E. cohitis Stankovitch, 1923: Cohitis icenia (oocysts, 20 microns). 

E. misgurni Stankovitch, 1923: Misgurnus fossilis, C. tcenia (oocysts, 14-15 
microns). 

E, sp. {Goussia legeri) Stankovitch, 1920: A. lucidus, Scardinius erythroph- 
ihalmus, Abramis brama (oocysts, 10 microns). 

E, lucida Labb4, 1893: Mustellus canis, Scyllium stellare, Acanthias acanthias 
(oocysts, 10-11 microns). 
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E» variahilis Th^lohan, 1893, Cottm huhalis, Oobius paganellus, Crenilahrus 
melops, Lepadogasier gouani (oocysts, 15-20 microns). 

E. motellcB Labb6, 1893; Moiella tricirraia (oocysts, 13-14 microns). 

E, cruciata Th^lohan, 1892; Trachurus trachurus (oocysts, 25 microns). 

E, clupearum Th^lohan, 1894 (syn. E. wenyoni Dobell, 1919); (Jlupea pilchardus 
(liver), C, harengus (liver), EngrauUs encrasicJialus (liver), Scomber scomber 
(oocysts, 18-21 microns, except in intestine of 8 . scombrus, where they 
measured 35 microns). 

E, minuia Th41ohan, 1892; Tinea tinea (kidney, liver, spleen), (oocysts, 9-10 
microns). 

E. thSlohani Labb4, 1896; Lahrus sp. (liver), (oocysts, 25-30 microns). 

E. bigemina Labbe, 1896; Ammodytes tobianus (oocysts, 27-28 microns). 

E, gasterostei Th61ohan, 1890; Gasterosteus aculeatus (liver), (oocysts, 16-18 
microns). 

E, sardince Thdlohan, 1890 (syn. E. oxyspora Dobell, 1919): Clupea pilchardm 
(testis), (oocysts, 40-50 microns). 

E, giganiea (?) Labb6, 1896: Lamna cornubica (oocysts, 70 microns). 

E, wierzejski Hofor, 1904: (Jyprinus carpio (oocysts, 11-12 microns). 

E. earpelU Legor and Staiikovitch, 1921: C. carpio (oocysts, 13-14 microns). 

E» crystalloides (Crystallospora crystnlloides) Th^lohan, 1893: Moiella tricirraia, 
M. fused and M. maculata (oocysts, 20-25 microns). 

E, eyprini Plehn, 1924: Cyprinus carpio, Tinea tinea (oocysts, 9 microns). 

EIMERIA IN INVERTEBRATES. 

Tbe coccidium E, schubergi, which is parasitic in the centipede, 
Lithobius for jicalus, has been described above. Another species, E, lacazei 



Fig. 370. — Diagram of the OOctsts of the Four Coccidia of Lithobius forficatus 
{xca, 1,000). (After Schellack and Reichenow, 1913.) 

1. Addeaomta. * 2. Barrouxia schneideri. 

3. Einieria lacazei. 4. Eimeria schuhergi. 

In the case of 3, only two sporocysts are visible, as the other two are lying parallel to and beneath 

them. 

Labb6, 1895 , is more commonly found in this host. The oocysts, which 
have a diameter of 22 to 25 microns, are almost spherical (Fig. 370 , 3-4). 
The sporocysts are peculiar in that there is an elongate banana-shaped 
outer wall (epispore) and a much smaller oval inner wall (endospore). 
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There is a definite space between the two walls. The space within the 
endospore is filled by the two sporozoites, which are closely packed together. 
On account of the character of the sporocyst, Labb 6 (1895) proposed placing 
the parasite in a distinct genus, Bananella. It appears better, however, 
to retain it in the genus Eimeria, 

Robertson, M. (1912) noted an interesting infection of a hemipteran 
{Leptoglossus membranaceus) in Uganda. In this case the infection was 
not limited to the intestine, for o5cysts containing sporocysts and sporo- 
zoites occurred also in the salivary glands, while motile sickle-shaped 
individuals, probably merozoites, occurred in the proboscis. As Robertson 
remarks, this parasite is of interest in indicating how an intestinal coccidium 
may eventually be inoculated to another host and acquire the habits of the 
heemogregarines, which undoubtedly have arisen from intestinal coccidia. 

Patton (19086) observed a “ small Coccidium '' in Lygceus militaris. 

( 4 ) Suh^Family : BARROUXiiNiE. 

This sub-family includes the two genera, Barrouxia Aim4 Schneider, 
1885, and Echinospora L 6 ger, 1897. In the former the oocysts have a 
smooth outer surface, while in the latter a number of spines is present. 
The genus Barrouxia was founded by Aim 6 Schneider (1885) for a parasite 
of the water scorpion, Nepa cinerea. It was named B. ornata. Another 
form is B, legeri Schellack and Reichenow 1913, which was discovered in 
the centipede, Lithobius impressus, by Leger (1897), who identified it with 
B. schneideri. L 6 ger (1898) gave the name B. caudata to a form which is 
parasitic in another centipede, L, martini, and which is peculiar in produc- 
ing a sporocyst provided with a tail-like prolongation (Fig. 372, 3 - 4 ). 
Awerinzew (1909a) described as B. spiralis a parasite of a worm (Cere- 
bratulus). The schizonts are peculiar in having a spiral form. The 
best-known species of the genus is B. schneideri, which was called Eimeria 
schneideri by Biitschli (1882). The genus Echinospora was founded by 
L 6 ger (1897) for a parasite of the centipede, X. mutabilis, 

Barrouxia schneideri (Biitschli, 1882). — The life-history of this parasite 
has been fully worked out by Schellack and Reichenow (1913). According 
to them, it is the commonest of the four coccidia which occur in the intes- 
tine of the centipede, Lithobius fprficatus. Owing to the fact that mixed 
infections very commonly occur, various observers have confused stages 
of this parasite with others (Fig. 370). 

During the process of schizogony the schizont increases in size, while 
the nuclei multiply by repeated divisions (Fig. 371). The number of 
nuclei which are produced, and consequently the number of merozoites, 
varies considerably. There may be as few as six or as many as twenty-six. 
Furthermore, the schizonts producing a small number of merozoites give 
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rise to smaller merozoites than those producing a larger number. When 
merozoite production takes place, there may or may not be a residual 
cytoplasmic body left over. The merozoites are elongate, slightly curved 
bodies which in the schizont are often arranged like the segments of an 
orange. The nu- 
cleus consists of a 
nuclear membrane, 
within which is a 
reticulum with a 
number of granules 
of chromatin. At 
one end of the 
nucleus is a defi- 
nite karyosome. 

Though the mero- 
zoites differ in size 
and somewhat in 
shape, it was not 
possible to dis- 
tinguish the mero- 
zoites which finally 
became gameto- 
cytes from those 
which developed 
into schizonts. 

The growth of a 
m a c r ogametocy te 
from a merozoite 
is recognized by 
its increase in size 
without nuclear 
multiplication. 

The nucleus en- 
larges and the 
cytoplasm becomes 
charged with food 
reserve material 
in the shape of 
globules of a retractile substance. The nucleus retains its karyosome, 
which is still present when the nucleus elongates at the time of fertiliza- 
tion. The microgametocyte likewise develops from a merozoite, which 
shows no special characteristics. The nucleus multiplies by repeated 



Fig. 371 . — Barroujrda schneideri (x 1,650). (After Schellack 
AND Reichenow, 1913.) 

A, B, C. Schizogony, showing varying miinbcr and size of merozoites. 

1). Microgametocyte with microgametes on surface. 

E. Macrogametc with elongated nucleus and microgamctc nucleus 
(fertilization). 

F Oocyst with six sporoblasts and large residual body. 

G. Sporocyst with single sporozoite. 

H. Sporozoite e.scaping from sporocyst. 
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divisions till a large number is formed. These nuclei collect on the surface 
and develop into microgametes. 

After fertilization of the macrogamete an oocyst is secreted and the 
nucleus again becomes spherical. Eepeated nuclear divisions result in the 
formation of a number of nuclei, which approach the surface to become 

the nuclei of the sporoblasts, which 
are budded off , a large residual body 
being left. Each sporoblast be- 
comes ovoid in shape and secretes 
around itself a sporocyst composed 
of two layers, an outer tough 
exospore and a thin endospore. 
The sporoblast within each sporo- 
cyst becomes a single sporozoite. 
The oocyst is almost spherical, and 
measures on an average 30 by 26 
microns (Fig. 370, 2 ). There is, 
however, considerable variation in 
size, for it may measure under 
20 microns or over 40 microns in 
longest diameter. The number of 
sporocysts produced also varies 
within wide limits. There may be 
only three or as many as thirty. 
They measure 16 by 7 microns. 
The sporozoite escapes through a 
micropyle at one end of the sporo- 
cyst (Fig. 371, H). 

From the descriptions of Aim6 
Schneider (1885, 1887), B, ornata 
has a similar life-history. Schneider 
considered, however, that the 
schizogony stages belonged to a 
distinct parasite, as it was not then 
realized that there occurred such 
an alternation of generations as 
The schizogony forms were called 
Barrouxia ornata. According to 



Fig. 372. — Sporocysts of Coccidia 
( x 1,600). (1 AND 3-4, AFTER LilGER, 

1898; 2, AFTER Labb^:, 1896.) 

1. Echinospora labbei. 

2. Eimeria cry stallo ides. 

3-4. Barroujcia caudata 

is now known to exist in coccidia. 
Eimeria nepce and the oocysts 


Schneider’s figures, the oocysts are spherical, and have a diameter 
of 34 to 37 microns. The oocyst contains numerous sporocysts, each of 
which measures about 20 by 10 microns. The sporocyst, which contains 
a single sporozoite, is composed of two valves applied to one another 
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like two watch-glasses. The valves finally separate to liberate the 
sporozoite. 

Echinospora labbei Leger, 1897. — This coccidium is a parasite of the 
intestine of the centipede, Lithobius mutabilis, and was discovered by L6ger 
(1897), according to whom (1897, 1897c, 1898) the oocyst is spherical, has 
a diameter of 30 to 40 microns, and includes only four to eight sporocysts. 
Each is composed of two valves, measures 11 by 9*4 microns, and is peculiar 
in having a tuberculated surface (Fig. 372, i). 

(5) Suh-Family : CARYOSPORiNyE. 

This sub-family contains the single genus Caryospora Leger, 1904, 
which includes the single species C, simplex. 

Caryospora simplex Leger, 1904. — This parasite was studied by Leger 
(1911), who described the main features of its development (Fig. 373). 
It occurs in the intestinal epithelium of the viper (Vipera aspis) of South 
Europe. There is a schizogony cycle in the epithelial cells, the fully grown 
schizonts measuring 8 to 10 microns in length and producing fifteen to 
twenty merozoites. After several cycles of asexual reproduction, micro- 
and macro-gametocytes are produced. Numerous microgametes are 
produced by the former, and the fertilized macrogamete becomes enclosed 
ill a spherical oi')cyst provided wdth a micropyle. The oocyst is thick- 
walled, and has a diameter of 10 to 15 microns. The cytoplasmic contents 
of the oocyst contract to form an ovoid body, round which a sporocyst 
provided with a micropyle is secreted. Within it are developed eight 
sporozoites and a residual body. This coccidium is remarkable in that 
only a single sporocyst is developed within the oocyst. Leger (1911), 
from whose account this description is taken, has noted that in some 
cases the contents of the oocyst break up into sporozoites without first 
forming a sporocyst. 


(6) Sub-Family : pfeifferinellin.e. 

The members of this sub-family are characterized by the formation in 
the macrogamete of a “ vaginal tube,” an elongate cytoplasmic process 
by which the microgametes enter. The zygote produces an oocyst in 
which eight sporozoites without sporocysts are formed. The sub-family 
includes the single genus Pfeifferinella Wasielewski, 1904, of which there 
are two species — P. ellipsoides Wasielewski, 1904, from the liver of the 
fresh- water mollusc, Planorbis cornua; and P. impudica Leger and Hollande, 
1912, from the liver of the land snail, Limax marginatus. 

Pfeifferinella impudica Leger and Hollande, 1912. — This parasite 
occurs in the liver cells of L. marginatus (Fig. 374). The schizonts have a 
diameter of 30 microns, and a large number of merozoites is produced. 

n. 56 
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These are peculiar in having one end tapering and mobile. There seems 
to be some indication of a membrane, and this, together with the presence 
of an axial filament arising from a granule near the nucleus, gives them 
the appearance of flagellates of the crithidia type. After schizogony has 



Fig. 373. — Caryospora simplex from the Intestine of the Viper ( x 1,200). 

(After LIjger, 1911.) 

1-3. Schizogony. 

4-6. Development of male gametocyte and formation of microgametes. 

7-8, Growth of female gametocyte. 9. Oocyst containing zygote. 

10. A single sporocyst has developed in the oocyst. 

11. Escape of sporocyst with eight sporozoites from the oocyst. 

12. Rupture of sporocyst before its escape from oocyst. 
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been repeated several times, gametocytes are produced. The micro- 
gametocyte gives rise to a large number of very minute microgametes, 
while the macrogametocyte, just prior to fertilization, extrudes the remark- 
able process which has already been mentioned. The microgametes pass 
into the macrogamete along this process, which is subsequently retracted. 
The zygote becomes enclosed in an ovoid o5cyst measuring 20 by 10 
microns. In it are produced eight sporozoites and a residual body. 



Fig. 374 . — Tfeifferinella impudica ( x 1,200). (After L^ger, L., and Hollande, 

1912.) 

1. Merozoitc, showiiij' i;rithi(lia-like structure. 2-3. Growing macrogametocytes. 

4. Mature macrogametocyte with fertilization process, at apex of which are two microgametes. 
o. Microgametes forming in microgamctocyte. 

(). Macrogamete withdrawing fertilization process after entry of male gamete. 

7. Oocyst with eight sporozoites. 

4. Family : CARYOTROPHID^ Lillie, 1906. 

Of this family there is only a single genus, Caryotropha Siedlecki, 1902, 
and one species, C. mesnili Siedlecki, 1902, which is parasitic in the 
body cavity of a marine worm, Polymnia nebulosa. 

Caryotropha mesnili Siedlecki, 1902. — The development of this parasite 
was studied by Siedlecki (1902, 1907), and is of interest in that it varies 
from the type which is usual in the more typical coccidia (Fig. 375). The 
merozoite, as presumably did the sporozoite, enters a cell of the body cavity 
or spermatogonium, where it grows into a large schizont. The latter, 
however, does not divide into merozoites directly, but produces a number 
of intermediate bodies (meroblasts), which are separated from one another 



Fig. 376. — Stages in Development of fiaryotropha mesnili Parasitic in the Body 
Cavity op the Marine Worm, Polymnia nehulosa { x 630). (After Sied- 
LECKI, 1907.) 


1. Partially grown schizont in mass of spermatogonia. 

2. Fully grown schizont. 

3. Schizont segmented into cytomeres. 

4. Each cytomere has produced a number of merozoites. 

5. Maorogametocyte in section. Escape of karyosome from the nucleus. 

6. Miorogametes formed from the separate bodies into which the microgam etooyte divides. 

7. Individual microgametes, showing flagella at double magnification. 

8. Oocyst containing a number of sporocysts. The nucleus of the sporoblasts has multiplied. 

9. Single ripe sporocyst with sporozoites and residual body. 







CARYOTEOPHA MESNILI 


869 


by septa representing the remains of the parent. Each meroblast then 
divides into a number of merozoites, each of which can enter a new cell 
and repeat the process. Some merozoites now develop into macro- and 
micro-gametocytes. The former, as in other coccidia, becomes a macro- 
gamete, but the latter, instead of producing microgametes directly, 
divides into a number of intermediate bodies (microgametoblasts) which, 
as in the case of the meroblasts, lie in spaces in the remains of the micro- 
gametbcyte, where they each give rise to a number of microgametes. 
The macrogamete after fertilization becomes enclosed in a spherical 
oocyst provided with a micropyle. Within it are produced about twenty 
spherical sporocysts, each of which contains twelve sporozoites. 

6. Family: AGGREOATlDiE Labbe, 1899. 

This family coniaiiis the genus Aggregata Fronzel, 1885, of which thoro are, 
accf)rding to Moroff (1908), over twenty species, and several other genera which 
possibly should be included hero. As the members of the genus Aggregata are 
peculiar in that the schizogony cycle occurs in crabs and the sporogony cycle with 
the production of oocysts in cephalopods, it was not at first realized that the 
forms in these two hosts were merely stages of one parasite. The parasite of the 
cuttlefish, Sepia oJJicinallH, was first recorded by Lieberkiihn (1854). He iiicluded 
it under the general name Psorosperm, but later { 1 855) classed it with the grogarines 
as Monocijstis. Aim6 Schneider (I875n) gave the name Benedenia octopiana to a 
form in Octopus , while later (1883) ho placed the parasites of Ociojms and Sepia 
ill his genus Klossia as K. octopiana. Labb6 (I895u) gave the name B. eherthi, 
changed to K. eberthi by him ( 1 890), to a form with sporocyst having throe or four 
sporozoites. Other generic titles were employed, such as Legeria, by Blanchard 
(1900), Kivcoccidium by Liiho (1902), and Legerina by Jacquemet (1903). The 
stages in crabs seem to have been noted long before those in cuttlefish, for Labbe 
(1899) states that they wore seen by Redi (1708). Cavolini (1787), Rudolph! (1819), 
and Diesing (1851). Frenzel (1885) gave the nsniw Aggregata to several forms, and, 
Schneider s name, Benedenia^ being preoccupied (Dicsing, 1858), this is undoubtedly 
the correct name of the genus. 

The first observers to recognize the fact that the parasites of the crab and 
cephalopod were different stages of one organism were L^ger and Duboscq (1906). 
Siodlocki (1898) had described the development in the cephalopod, and come to the 
conclusion that the development and method of fertilization w^as of the coccidium 
type, and that the parasite was a coccidium and not a gregarine, as had been supposed. 
Moroff (1906u), however, denied this, and claimed that there occurred a union of 
gametes, as in gregarines. As a result of his statement, Legor and Duboscq (1908) 
placed the parasites amongst the schizogregariiios in a separate family (Aggre- 
gatidcu). Moroff (1908), however, modified his former opinion, and described the 
process of microgamete formation of the parasite in the crab as being like that of a 
coccidium. The investigations of Dobell (1914, 1925) and Pixell-Goodrich (1914) 
confirmed the latter observations, and finally proved the correctness of the state- 
ments made by Siedlecki in 1898, so that the Aggregatidw may be safely regarded as 
coccidia, which have their schizogony stage in one host and the sporogony in another. 

The form which has been most completely studied is the one which was named 
Klossia eberthi by Labb6 (1896). Dobell (1925) has recently given a complete 
account of its life-history. 




Fig. 376. — Diagram representing Life-Cycle of Aggregata eberthi : The Stages 
Above the Dotted Line occur in the Cuttlefish {Sepia officinalis), those 
Below in the Crab {Portunus). (After Dobell, 1926.) 


[For description see opposite page. 
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Aggregata eberthi (Labbe, 1895). — This parasite, which is the best- 
known member of the genus, passes its schizogony cycle in the crabs, 
Portunus depurator and P. armatus, and its sporogony cycle in the cephalo- 
pod, Sepia officinalis (Fig. 376). The cycle in the crab has been studied 
by Leger and Duboscq (1908) and* Dobell (1925). The sporocysts, taken 
into the intestine of a crab which has eaten infected material passed in 
the dejecta of a cuttlefish, liberates its three sporozoites by separation of 
the two valves of which it is composed (Fig. 377). The sporozoites then 
pass through the lining cells of the gut and settle down in the peri-intestinal 
connective tissue. Here they grow enormously in size during the next 
thirty or forty days, and are differentiated, according to L6ger and Duboscq, 
into male forms with a thick enclosing membrane and female forms with a 
thin membrane. The latter, which may reach a diameter of 200 microns, 
are larger and grow more quickly than the male forms. They are termed 
male and female forms, because it is supposed the merozoites derived 
from them, when taken up by a cuttlefish, give rise to male and female 
gametocytes respectively. Dobell (1925), however, has found that no 
such sexual dimorphism of the schizonts occurs. The nucleus of these 
adult forms is remarkable. A female form of 100 microns in diameter had 
a nucleus measuring 60 microns, which enclosed a nucleolus of 23 microns. 
When fully grown, the schizonts prepare for schizogony by nuclear mul- 
tiplication. Remarkable changes occur in the large nucleus, which moves 
towards the surface. Its nuclear membrane is lost, and the chromatin 
is liberated into the cytoplasm. Some of the chromatin becomes arranged 
as chromosomes, which, according to Dobell and Jameson (1915), are six 
in number, and form a series from a long one to a short one. A form of 
mitosis (promotosis), in which each chromosome divides, gives rise to 
two groups of six, each of which groups constitutes the chromatin of a 
daughter nucleus. Before, however, the daughter nuclei are actually 
constituted, two new spindles appear in association with the daughter 
groups of chromosomes, which become arranged on the equator of the 
spindles and divided as in the first division. By a repetition of this 
process, in which each succeeding division commences before definite 

R. Merozoite swallowed by the cuttlefish. 

A. Undifferentiated parasite in submucous tissue. 

B-1). Growth into niicrogametocyte and production of microgametes. 

E-G. Growth into macrogametocyte and fertilization. 

H. Zygote, the nucleus of which contains twelve chromosomes, six derived from the micro - 
gamete and six from the macrogametc (2r). 

I. First nuclear division in zygote; the twelve chromosomes form two groups of six, so that 
each resulting nucleus has six chromosomes (z), 

J-K. Nuclear multiplication in zygote and production of sporoblasts. 

L. Sporocyst containing three sporozoites and small residual body. 

M. Escape of sporozoites in intestine of crab. 

N-Q. Grovi^h of schizont and production of merozoites in subepithelial connective tissue. 
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nuclei are formed, a large number of groups of six chromosomes is formed 
on the surface of the schizont. After the last division definite nuclei are 
formed, consisting of a nuclear membrane and granules of chromatin, 
into which the six chromosomes of each group have broken up. Mean- 
while, the cytoplasm of the schizont becomes lobulated and vacuolated 
so as to form a coarse cytoplasmic mesh work. This process bears a strik- 
ing resemblance to that which takes place in the development of the zygotes 
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Fig. 377. — Sciuzogony of Aggregata eberthi in the Intestine of the 
Crab {Fortunus). (After Leger and Duboscq, 1908.) 


1. Oocyst with three sporozoites ( x 1,000). 2. Escape of sporozoites ( x 1,000). 

3-5 . Growth of schizont ( x 1,000). 6. Multinucleatcd schizont — male ( x 850) 

7. Production of inerozoites — male ( x 850). 

8. Completion of schizogony — female ( x 850). 

9. Merozoites formed as finger-like outgrowths and still attached to residual cytoplasm — male 

( X 850). 

10. Merozoites, showing axial fibre in side view and in cross-section — female. 

of malarial parasites in the stomach of mosquitoes, and seems to be a 
means of increasing the surface area of the cytoplasm on which the nuclei 
arrange themselves. The method by which the merozoites are formed is 
an indication of this necessity. Opposite each nucleus the cytoplasm 
becomes elevated and grows out as a finger-like process, which takes the 
nucleus with it (Fig. 377, 7 ). This growth continues till the merozoite 
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attains the required length, and, as merozoites are being formed simul- 
taneously on every surface, the cytoplasm is gradually absorbed into the 
outgrowing merozoites, which are still attached to the remains of the 
cytoplasm (Pig. 377, 9 ). The latter, which at first is a continuous branch- 
ing network, becomes broken up into irregular masses, each of which has 
merozoites attached in a radiating manner. L 6 ger and Duboscq claimed 
that the merozoites formed from the smaller female schizonts are of the 
same length, but broader, and have larger nuclei than those derived from 
the larger male schizonts. Furthermore, the merozoites of the female 
line have a well-marked axial filament (Fig. 377, 10 ). As in the case of 
the schizonts, Dobell could not confirm these statements regarding a 
sexual dimorphism of the merozoites, which appeared to him to be all of 
one type. No further development occurs in the crab, and it is assumed 
that the cuttlefish become infected by eating the crabs, the merozoites 
penetrating the gut wall and developing into male and female gametocytes 
of large size. The nucleus of the microgametocyte multiplies, and finally 
a number of long microgametes, each with two anterior flagella, is formed. 
The macrogamete, the nucleus of which has undergone remarkable changes, 
is fertilized by a microgamete. The nucleus of the resulting zygote 
multiplies by repeated divisions, the first of which is a reducing division, 
as explained above (p. 109). Eventually there is produced a number of 
sporoblasts. The latter become sporocysts, which are usually fusiform 
bodies pointed at each end. Sometimes, however, they are spherical. 
They are, as a rule, about 9 microns in length, but may be only 4 microns, 
or as much as 25 microns. AVithin each sporocyst are developed three 
sporozoites and a residual body (Fig. 376, L). During its development 
the sporont is lying in the tissues of the gut wall of the cuttlefish enclosed 
in a membrane derived from the tissues of the host. There seems to be 
some doubt as to whether a distinct oocyst formed by the parasite is 
present or not. The sporocysts, which escape in the faeces of the cuttle- 
fish, are eventually eaten by crabs, and in them the sporozoites recom- 
mence the asexual cycle. 

The nucleus of Aggregata eberthi has been the subject of a detailed 
study by Dobell (1925). When the merozoite or sporozoite commences to 
grow, there soon appear in the nuclei two structures which could not be 
detected in the earliest stages. One of these Dobell calls the karyosome 
and the other the ‘‘ micronucleus.’' Both of these are present in the nuclei 
of all stages of development. As growth of a nucleus takes place, its 
karyosome becomes larger and finally hollow. Through a pore (micropyle) 
which is formed the micronucleus passes to occupy a position within the 
karyosome.’ The karyosome may bud off one or more secondary karyo- 
somes, while the chromatin granules, which in the earlier stages of 
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growth occurred within the nuclear membrane, disappear. The structure 
of a typical nucleus is shown in the diagram (Fig. 378). When a nucleus is 
about to divide, the “micronucleus,” or the substance into which it breaks 
up, passes through the pore in the karyosome. The nuclear membrane 
disappears and the karyosome gradually disintegrates. Meanwhile, chromo- 
somes are developed from the ‘‘ micronucleus ” and mitotic division occurs. 
The term micronucleus was employed for the body within the karyosome, 
because the chromosomes were formed from it alone, and because it gave 
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Fig. 378 . — Diagrammatic Representation of the Structure of Aggregata 
eherihi ( ? ). (After Dobell. 1925 .) 

c., Cytoplasm; p., pellicle; ».m., nuclear membrane; 5., nuclear space; K., main karyosome; 
C., cortex of karyosome; m.,micropyleof karyosome; M., medulla of karyosome; w w., micro- 
nucleus within karyosome; k., accessory karyosomes which are formed by budding from 
main karyosome. 

rise to the daughter nuclei. According to Dobell, the small nucleus 
(micronucleus) is included within the large nucleus, the two structures 
being comparable with the micronuclei and macronuclei of ciliates. 
Belar (1926), however, doubts if DobelFs interpretation is correct. He 
does not regard the “ micronucleus ” as a true nucleus, for he finds that 
the chromosomes may be already present when the “ micronucleus ” is 
intact. Moreover, he claims that several “ micronuclei ” may occur in one 
nucleus and to have demonstrated centrosomes which were not seen by 
Dobell. 
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Other species of Aggregata which are also parasitic in crabs and 
cephalopods are A, octopiana (Aim4 Schneider, 1875), which has sporocysts 
containing ten to twelve sporozoites; A. spinosa Moroff, 1908, the sporo- 
cysts of which are provided with spines and contain numerous sporozoites ; 
A, legeri Moroff, 1908, with sporocysts having sixteen sporozoites; and 
A. duboscqi Moroff, 1908, having sporocysts with eight sporozoites. 
According to Moroff (1908), there are over twenty known species, but many 
of these, according to Dobell (1925), are not valid. 

There are several genera, which probably belong to this family, the life- 
cycles of the members of which are not completely known. In those stages 
which have been studied there is a resemblance to species of Aggregata. 

The genus PseudoMossia was founded by Leger and Duboscq (1915a) for a 
parasite of lamellibranch molluscs (Tapes floridus and T. virgineus). It is found 
chiefly in the kidneys. The schizogony cycle could not be discovered, and this 
led the authors to conjecture that, as in species of Aggregata^ it takes place in 
some other host. The parasite, which was named P. glomerata, has a fertilization 
process of the Eimeria type. The oocysts are about 40 microns in diameter, and 
contain numerous spherical sporocysts 4 to 5 microns in diameter. Each sporocyst 
contains two sporozoites. Another species (P. pectinis) was described by the same 
authors (1917) from the kidneys of Pecten maximus, while Debaisieux (1919) recorded 
two new species, P. chitonis and P. paiellce. from Acanihochites fascicularis and 
Patella vulgaris. According to L6ger and Duboscq (1915a), it is probable that the 
parasite described by L6ger (1897?^) as Hyaloklossia pelseneeri. and which is parasitic 
ill species of Tellina and Donax, belongs to this genus. 

A closely allied genus is Merocystis. which was established by Dakin (1911) for 
a parasite of the kidneys of the whelk (Buccinium undatum). The oocysts are 
polysporocystid and the sporocysts dizoic, as in members of the genus Pseudoklossia. 
The development of the microgametocyte differs, however, in Merocystis kathce. the 
only known species, in that it segments into a number of cytomeres, each of which 
gives rise to a large number of gametes, as in the case of Caryotropha mesnili. con- 
sidered above. The parasite was later studied by Foulon (1919), who pointed out 
its resemblance to the sporogony cycle of species of Aggregata. Another genus, 
M yriaspora. was established by Lormantoff (1913) for a coccidium of an annelid, 
Trophonia plumosa, which he named Myriospora trophonice. The sporogony cycle 
is similar to that of Merocystis kathce. The macrogametocyte grows as a vermicular 
body till it reaches a size of 700 to 800 microns in length by 100 microns in breadth. 
The microgametocyte is also vermicular, and when it has reached a length of 200 
microns is curved like a horseshoe. It then divides into about 100 cytomeres, 
which give rise to microgametes. The oocyst, which is formed after retraction of 
the macrogamete, contains some hundreds of sporocysts, each of which has from 
twenty-four to thirty-six sporozoites. The genus Angeiocystis, which was founded 
by Brasil (1904) for a single species, A. audoninice, parasitic in a worm (Audoninia 
tentacutala), resembles the preceding one. Both the macrogametocyte and inicro- 
gametocyte are vermicular. The microgametocyte apparently gives rise to micro- 
gametes directly without the formation of cytomeres. The oocyst has four sporocysts, 
each of which measures 22 by 15 microns and contains about thirty sporozoites. 

Duboscq (1917) founded the genus Selysina for a curious parasite of the ascidian 
i^toloica soeialis. He named it 8. perforans. In a later paper (1918), he described 
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various stages of the organism which occurred in Ihe larval forms as well as the 
adult ascidians. In addition to uiiencysted stages, which occurred in what appeared 
to be very much hypertrophied leucocytes, there were sporocysts measuring 15 by 
5 microns, and containing each a single sporozoite, as also largo cysts up to 500 
microns in diameter. The latter had walls as much as 50 microns in thickness and 
were filled with bunches of merozoites. 

6. Family: LANKESTERELLID^ Reichenow, 1921. 

The forms included in this family have been long recognized as hsemo- 
gregarines of cold-blooded animals. The researches of Reichenow and 
Noller have shown that the forms within the red blood-corpuscles are 
sporozoites, and that the remainder of the cycle takes place in the intes- 
tinal wall or blood-vessels, and is of the Eirneria type. According to the 
cycle of development, two sub-families can be recognized. 

(1) Sub-Family : sciiELLACKiiN.n. 

In this sub-family there is a single genus, Schellackiay founded by 
Reichenow (1919). The whole of the development takes place in the wall 
of the intestine, the sporozoites finally entering the blood-corpuscles. 

Schellackia bolivari Reichenow, 1919. — This parasite is the best-known 
member of the genus, and a cycle of development which closely 
corresponds with that of E. schubergi (Fig. 379). It is found in the 
intestinal epithelium of the mid-gut of the lizards, Acafiihodactylus vulgans 
and Psammodronms hispanicus, in which the schizogony cycle, with pro- 
duction of ten to sixteen merozoites, takes place. Certain merozoites 
eventually develop into micro- and macro-gametocytes. The merozoites 
which produce the former develop in the epithelial cells as usual, and 
eventually produce a large number of biflagellate microgametes. The 
merozoites which produce macrogametocytes, however, wander through 
the epithelial cells and develop in the subepithelial connective tissue, and 
it is here that fertilization takes place and the oocyst is formed. AVithin 
the oocyst the zygote breaks up into eight sporozoites and a residual body. 
As the ripe oocyst is formed in the subepithelial connective tissue, it is 
evident it cannot readily escape into the lumen of the gut to be voided in 

1. Entry of sporozoite into intestinal cell of lizard. 

2-5. Schizogony cycle in intestinal cells. 

0-9. Growth of microgametocyte and formation of microgametes in intestinal epithelial cells. 
10-11. Growth of macrogametocyte in subepithelial tissue. 

12. Fertilization of macrogametc. 

13-16. Growth of zygote and sporogony producing sporozoites. 

17. Entry of sporozoite into blood-vessel of lizard. 

18. Sporozoites within the red blood-corpuscles. 

19. Red blood-corpuscles containing sporozoite being phagocyted by intestinal epithelial 

cell of mite 

20. Red blood-cells within intestinal epithelial cells of mite. 

21. Group of sporozoites which have escaped from the digested red blood -corpuscles. When 

the mite is devoured by the lizard, the sporozoites make their way into the intestinal 
epithelial cells of the lizard and the schizogony cycle is commenced. 
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the feeces, as occurs in the typical intestinal coccidia. Another course is 
adopted, and in it, as in that which is followed by members of the succeed- 
ing sub-family, there is to be noted the gradual adaptation of an intestinal 
coccidium to a blood habitat. The ripe oocyst in the subepithelial con- 
nective tissue ruptures, the sporozoites are liberated and penetrate the 
blood-corpuscles. Here they appear in the circulation as hsemogregarines. 
In the case of A, vulgaris it is the red blood-corpuscles which are invaded 
by the sporozoites, whereas in P. kispanicus it is the lymphocyte which 
is nearly always infected. Reichenow demonstrated this fact by cross- 
infection experiments. It is evident, therefore, that a parasite may occur 
in one type of cell in one host and in a different type of cell in another. 
Within these cells they remain unchanged till the blood is taken up by the 
lizard mite, Liponyssus saurarum (Fig. 458). In the intestine of the mite 
the phagocytic activities of the gut epithelial cells lead them to engulf 
infected red cells, which are digested, so that the contained sporozoites 
(hsemogregarines) become free in the cytoplasm. In this manner groups 
of sporozoites collect in the cells, where they increase in size to a slight 
extent, but undergo no further change. When the mite is eaten by the 
lizard, as frequently happens, the sporozoites escape into the lizard's gut, 
infect the epithelial cells, and recommence the schizogony cycle. 

Two other species of Schellackia have been studied by Reichenow in 
Lacerta muralisy which may harbour as many as nine species of ha}mo- 
gregarine. 

(2) Suh-Family : lankesterellin.e. 

This sub-family contains the single genus, Lankesterelln. The wliole of 
the development takes place in the endothelial cells of the blood-vessels, 
the sporozoites finally entering the blood-corpuscles. The genus was 
founded by Labbe (1899) for a little parasite of the red blood-corpuscles 
of the frog, which was first seen by Chaussat (1850). 

Lankesterella minima (Chaussat, 1850). — This parasite has been studied 
chiefly by Koller (19126, 1913a, 19136, 19206), who gives the following synonyms: 
Anguillnla minima Chaussat, 1850; Drejyanidium ranarum Lankester, 1871, 1892; 
“Wurmchen” Gaule, 1880, 1881, 1886; “Cytozoen" Butschli, 1882; 1), ranarum 
(Lankester) Wallerstein, 1882; IJ. princeps Labb4, 1894; “ Drepanidio piccolo" 
pro parte Grassi and Feletti, 1892; L. ranarum Labb6, 1899; Hcemogregarina minima 
(Laveran) Mathis and Leger, 1911. 

As seen in the red blood-corpuscles of the frog, L. minima is a small 
vermicule, which may reach half the length of the corpuscle, but not more. 
Many of the forms are smaller than this. Various observers have de- 
scribed the vermicule as becoming spherical and reproducing in the red 
cells by schizogony, but Noller (19136) believes the schizonts belong to 
Dactylosoma ranarum^ another parasite of the frog’s corpuscles (p. 1039). 
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P ig. 380. — Development of Lankesterelln minima in the Frog (1-5, x 2,700; 
6-10, X 1,600). (After Noller, 1913 and 1920.) 

1-4. Stages in schizogony in the endothelial cells of the vessels of the organs. This is initiated 
by sporozoites inoculated by the leech. 5. Young forms in endothelial cell. 

6-7. GroWth of male gametocyte and formation of microgametes in endothelial cells of vessels. 

8. Fertilization of female gamete in an endothelial cell of blood-vessel. 

9. Oocyst formed in endothelial cell. 

10. Mature oOoyst containing sporozoites in endothelial cell. The escaping sporozoites enter 
red blood-oorpusoles and are inoculated into tadpoles by the leech. 
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The infection of the frog is brought about by the leech, Hemiclepsis 
marginata, which introduces the sporozoites (Fig. 240). These make 
their way to and enter the endothelial cells of the capillaries of various 
organs of the body. Here each sporozoite becomes rounded, and com- 
mences to grow into a schizont, which eventually produces a large number 
of merozoites. The merozoites escape into the blood and infect other 
endothelial cells (Fig. 380, 1 - 4 ). 

Noller ( 19206 ) found that merozoites of a special kind are finally pro- 
duced, and that these, after entering endothelial cells, develop into micro- 
and macro-gametocytes. The microgametocyte produces a large number 
of microgametes, as in a typical Eimeriai and fertilization of the macro- 
gamete ensues (Fig. 380, 6 - 8 ). An oocyst is formed round the zygote, 
which breaks up directly, without the formation of sporoblasts and 
sporocysts, into a number of sporozoites (Fig. 380, 9 - 10 ). The latter, 
by rupture of the oocyst, escape into the blood and enter red blood- 
corpuscles. Apparently the leech sucks up the sporozoites with the blood, 
and they enter the epithelial cells of the gut or wander about the tissues 
of the leech without further development. In some way not properly 
understood they gain entrance to another frog. 

If this cycle of development is confirmed, it is a remarkable one in that 
the whole development, up to the formation of sporozoites, takes place in 
the endothelial cells of the blood-vessels, and is an illustration of a coc- 
cidium, originally transferred from host to host in the oocyst stag(‘ as 
in the more typical forms, having become adapted to life in the blood- 
stream. In the majority of hsemogregarines, as will be seen below, it is 
the gametocytes which enter the circulating cells and are taken up by tlie 
invertebrate host, and not the sporozoites, as in this case, and it is in the 
invertebrate that fertilization and development of the oocysts take place. 
In the case of L, minima, the life-cycle is like that of Eimeria schubergi, 
except that development occurs in the endothelial cells of the blood-vessels 
instead of those of the intestine. The possibility of the escape of the 
oocysts to the exterior having been lost by this change of habit, the 
difficulty is overcome by the leech transferring the sporozoites from host 
to host. It will thus be seen that in the genus Schellackia schizogony 
and sporogony take place in the intestinal wall, as in a typical intestinal 
coccidium. In Lankesterella these stages of the cycle have been trans- 
ferred to the endothelial cells of the vessels. According to Noller, the 
stages of development of L. minima in the vessels have been mistaken 
for those of Isospora lieberkilhni (see p. 828). 
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2. Sub-Order: Haemosporidiidea. 

This sub-order comprises the blood-parasites which are commonly 
referred to as ha^mosporidia. As already remarked, their affinities are 
undoubtedly with the coccidia, from which they may be supposed to have 
evolved. This relationship will at once be realized if the life-cycles are 
compared (Figs. 337 and 391). In both cases the infection of the verte- 
brate is initiated by the entry of a sporozoite into a cell. The sporozoite 
becomes a schizont, which produces merozoites, and these again become 
schizonts, producing more merozoites. Eventually certain merozoites 
develop into male or female gametocytes. The former produces a number 
of male gametes, one of which fertilizes the female gamete. The zygote 
thus produced becomes enclosed in an oocyst and divides into a number 
of sporozoites, which, by infecting the vertebrate, recommence the cycle. 
The haemosporidia may be regarded as coccidia of the intestinal epithelium 
which have become adapted to a life in the circulating cells of the blood. 
In association with this change, certain differences arise. Whereas in the 
coccidia the fertilization process and the encystment of the zygote in a 
resistant oocyst takes place in the vertebrate host, in the haemosporidia 
the fertilization process takes place in the stomach of an invertebrate 
which has sucked up gametocytes from the blood of the vertebrate. The 
zygote, instead of being a motionless body, is a motile vermicule (ookinete) 
which penetrates the wall of the stomach and then forms its oocyst, which 
is a delicate structure increasing in size with growth of the zygote. The 
latter eventually produces sporozoites, which escape into the tissues and 
are inoculated into the vertebrate when the invertebrate feeds on it. In 
the typical coccidia the male gametocyte produces male gametes after a 
relatively slow process of nuclear multiplication, while in the haemosporidia 
th(* mal<* gametes are formed by a violent process known as flagellation 
or exflagellation, which occurs in the stomach of the invertebrate. In 
the coccidia, again, the zygote is fully developed when fertilization has 
occurred, and when the tough oocyst is formed no further increase in size 
takes place, whereas in the hsemosporidia the zygote forms a delicate 
oocyst, which increases considerably in size after it has been formed. 
The oocyst, in the case of coccidia, is a more durable structure, which 
persists after the sporozoites are developed, and protects them so long 
as they are exposed to the possibilities of desiccation outside the host. 
It is only dispensed with after it is taken into the intestine of the 
vertebrate. The oocyst of the haemosporidia only persists while the 
zygote is producing sporozoites. As soon as these are formed it ruptures, 
and the sporozoites escape into the ti.ssues of the invertebrate, where they 
remain till they are injected into the vertebrate. 

ii. 


57 
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In the sub-order HsemospoHdiidea there are two families, the 
PLASMODiiDJE and the h^moproteidje. In the former, the whole of the 
vertebrate cycle of development occurs in the circulating red blood- 
corpuscles. The growth into schizonts of the sporozoites in the first place, 
and of the merozoites which are subsequently formed, takes place in these 
cells. Finally, certain merozoites, after entering red blood-corpuscles, 
instead of producing schizonts, develop into male and female gametocytes, 
which undergo no further development till they are taken up by an 
invertebrate host. It thus happens that the whole of the vertebrate cycle 
can be studied in the blood. In the H8Bmoproteida3, the only forms which 
occur in the circulating blood-cells are the gametocytes. The schizogony 
cycle occurs in another type of cell, which is probably one of the endo- 
thelial cells lining the blood-capillaries. In these cells, after several 
repetitions of schizogony, certain merozoites are produced which enter 
blood-corpuscles instead of the endothelial cells, and there develop info 
gametocytes which undergo no further change till the necessary environ- 
ment of the invertebrate’s intestine is reached. As the only forms 
occurring in the blood-cells are gametocytes, it follows that the whole 
cycle cannot be studied in the blood. The schizogony stages can be 
found only in smears or sections of the various organs in the vessels of 
which they occur. 

It has been pointed out above (p. 878) that the sub-family Lankes- 
terellinse includes forms in which the whole cycle takes place in the endo- 
thelial cells of the blood-vessels, and that the sporozoites, when finally 
produced, enter the red blood-corpuscles to await transference to the 
invertebrate host. In this case, the production of gametocytes and 
the subsequent fertilization and formation of sporozoites occur in the 
endothelial cells. In the Haemoproteidse the evolution has progressed 
further, for the development up to the formation of the merozoites, wliicli 
are in reality young gametocytes, occurs in the endothelial cells, but when 
the young gametocytes escape into the blood-stream, instead of entering 
endothelial cells again as in Lankesterella minima (Fig. 380), they pene- 
trate the red blood-corpuscles, and no further development takes place 
there except a growth to their full size. The further development with 
fertilization and sporozoite formation takes place in the invertebrate. 
In the Plasmodiidae another advance is made, for the sporozoites injected 
by the invertebrate, instead of entering the endothelial cells of the vessels 
to initiate the schizogony cycle, directly invade the red blood-corpuscles 
themselves, in which the whole schizogony cycle terminating in the pro- 
duction of gametocytes takes place. 

A characteristic feature of the forms which penetrate the red blood- 
corpuscles and grow at their expense is the gradual deposition in their 





PLATE VI. 

H^osFOBimA OF Birds as seen in Dried Blood-Films stained with Romanowskt 

Stains, (x 2,000). 

1-10. PhtBmodivm prmoxifcm blood of Bagdad aparrow. 

11-17. HoBfnoproltm oryzimtm from bUxKl of Java sparrow ( 3/ mwiVi wizivma), 

18-20. Lewaoryfozoon sp. from a blood-film of a thrush {Hyltfcirhla mtutwt) which had been dead 
some time. 

21-23. Lftteoeylozoon neavei from the blood of the guinea-fowl (Xumida ptilorhyncha), 

( Origin al.) 
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cyijoplasm of granules of pigment derived from the haemoglobin of the 
corpuscles. It is doubly refractile, of a brown or black colour, and is 
known as melanin or haemozoin. It differs from haemosiderin, a yellow 
pigment also derived from haemoglobin and deposited in tissue cells, in 
that it does not give an iron reaction. It is soluble in solutions of 
ammonium sulphide and in acid alcohol. 

1. Family: h^emoproteid^ Doflein, 1916. 

As indicated above, the members of this family are parasites of endo- 
thelial cells of the blood-vessels of vertebrates at one stage of their growth, 
of the circulating cells of the blood at another, and of the tissues of an 
invertebrate during sporogony (Fig. 383). The schizogony cycle occurs 
in the endothelial cells in which the young merozoite, and presumably the 
sporozoite when first injected, grow at the expense of the cells into large 
schizonts, which break up into a large number of merozoites. These 
invade other endothelial cells, and the process is repeated. Eventually, 
certain merozoites, instead of entering tlie endothelial cells, penetrate 
the circulating cells— either the red blood-corpuscles or others — where 
they grow into mature gametocytes, which undergo no furtlier change till 
they find their way into their transmitting host, in which a development 
comparable with that of the human malarial parasites in the mosquito 
takes place. It is important to remember that in the peripheral blood 
of birds and reptiles, in which these parasites are found, only the gameto- 
cytes in various stages of growth occur, the schizogony cycle only being 
observed in sections or smears made from the internal organs. 

There are two genera in the family Haimoproteida\ The first of these 
is tlie genus llwmoproteus Kruse, 1890. It includes forms which reproduce 
asexually in the endothelial cells of the blood-vessels, while the young 
gametocytes enter the red blood-corpuscles (Fig. 381). The gametocyte, 
when fully formed, is halter-shaped, and is frequently called a halteridium 
(Plate VI., 11-17, p. 882). During its growth within the red blood-cell it 
produces pigment granules from the haemoglobin. The second is the 
genus Leucoryiozoon Danilewsky, 1890. It is probable that the asexual 
cycle is similar to that of Hcrmoproteas, and occurs in the endothelial cells 
of the blood-vessels. The gametocytes, when formed, invade the circulat- 
ing cells of the blood, but these are not normal red blood-corpuscles 
(Plate VI., 18-23, P- 882). Some have maintained that they are leucocytes, 
hence the name Leucocytozoon ; but it seems more probable that they 
are immature red blood-cells which have not yet produced haemoglobin. 
During growth of the gametocyte the cell is profoundly altered, and in 
most cases becomes an elongate spindle (Fig. 382), Furthermore, as no 
haemoglobin occurs in the cell, the growing gametocyte does not form 
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pigment like the members of the genus Hcenioproteus. The complete 
development in the invertebrate host is known only in the case of the 
Hcemoproteus of the pigeon, its course being practically identical with 
that of the malarial parasite in mosquitoes (Fig. 383). 



Pig. 381. — Uamoproteus of the Kestret. (Cerchneis tinnuvculus) (1-3, v 2,000; 
4-11, X 1,800). (After Wasielewski and Wdlker, 1918). 

1. Female gam^tosyte with compact nucleus. 2. Male gametocyte with large nucleus. 

3. Male and female gametocyte-^ouble infection. 

4. Formation of microgametes — exflagellation. 

5. Male gametes around female gamete. 6. Fertilization. 

7-10. O’ikinetes showing gradual separation of pigment. 

11. Ojkinete with pigment still present. 


As gametocytes are incapable of reproducing in the vertebrate, it 
follows that infection cannot be conveyed directly from one vertebrate 
host to another by inoculation of blood. As will be shown below, with 
members of the genus Plasmodium this can be done, as the peripheral 
blood contains the asexually reproducing forms as well as the gametocytes. 
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Casagrandi and Barbagallo (1907) claimed to have infected chickens with 
the H wfnoproieus of the sparrow by blood inoculation. It seems evident 
that there must have been some fallacy in this observation. 

Under natural conditions the gametocytes continue their development 
only in an invertebrate. The stomach phases of this development, 
including microgamete formation, fertilization, and production of the 



Fig. 382. — Lcncocytozoon ziemanni of the Little Owl, Athene nootua, as seen in 
Wet Fixed P^ilms ( x ca, 2,(KK)). (1 and 2 after Reichenow, 1920; 3 from 
Richenow, 1920, after Schaudinn.) 

1. Macrogamctocyte. 2. Microgametocyte. 3. Ookinete. 

ookinete, can, however, be directly observed in freshly drawn blood between 
a slide and cover-glass, as first noted by MacCallum (1897) in the case of 
Hwmoproteiis of birds (Fig. 381). 

Oenus: Haemoproteus Kruse, 1890. 

Members of this genus were first seen in birds by Danilewsky in 1889, 
since which date they have been recorded from some hundreds of different 
species of bird. The occurrence of another pigmented parasite in the 
blood of birds {Plasmodium prcecox) naturally led to some confusion 
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between the two till they were properly differentiated. The fact that the 
adult gametocytes of members of the genus H cemoproteus have the habit 
of encircling the nucleus of the red blood-corpuscles like a halter led Labb6 
(1894) to introduce the name Halteridium, by which these parasites are 
commonly known. The investigations of Danilewsky, Laveran, Kruse, 
Grassi, Feletti, and others indicated the difference between proteosoma 
{Plasmodium) and halteridium (Hcemoproteus), the two types of pigmented 
parasite found in the blood of birds. The researches of MacCallum (1897) 
explained the function of the puzzling “ flagellating body,’’ and demon- 
strated for the first time that this was a process by which the male gameto- 
cyte produced male gametes, which eventually fertilized female gametes 
and led to the formation of motile zygotes or ookinetes. Though the 
researches of Ross, referred to below, had elucidated the cycle of P. prwcox 
of birds in Culex fatigans, observers failed to detect a similar development 
of halteridium in mosquitoes. 

Schaudinn (1904), however, published a remarkable account of the de- 
velopment of Hcemoproteus noctuw, the halteridium of the little owl, Athene 
noctua. He supposed that the intracorpuscular halteridium stages were 
merely developmental forms of a trypanosome. In the blood of the owl, the 
organism was supposed to be intracellular during the daytime, where it 
appeared as the well-known halteridium in various stages of growth, while 
at night it left the cell to become a trypanosome, which reproduced by 
division. Finally, when growth was complete, these migrations ceased, 
and the adult halteridium remained in the cell to continue its development 
in the mosquito, Culex pipiens. The process of microgamete formation and 
fertilization of the female gamete were described as taking place in the 
manner first noted by MacCallum, but the male gametes were stated to 
be of the nature of narrow trypanosomes. The ookinete, the further 
development of which had not been discovered, was described by Schaudinn 
as developing into a trypanosome after undergoing nuclear clianges of 
a complicated nature. The trypanosomes formed from the ookinetes 
multiplied and populated the mosquito’s stomach and intestine with 
flagellates, which were distinguished as male, female, and indifferent forms. 
Eventually it was claimed that some of these were inoculated to the owl 
by the mosquito, and the vertebrate cycle recommenced. Many careful 
attempts have been made to confirm Schaudinn’s statements, but without 
success, so that the only possible conclusion is that his observations 
were the result of confusion of several distinct parasites. This is all the 
more certain in that the asexual cycle of certain members of the genus 
has since been discovered as taking place by schizogony in the endothelial 
cells, as first demonstrated by Aragao (1908), while Adie (1915) has eluci- 
dated the sporogony cycle of H. columbcB in Lynchia maura^ which had 
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been proved to be capable of transmitting infection from pigeon to pigeon 
by Sergent, Ed. and Et. (1907). 

Certain writers continue to support the views expressed by Schaudinn, 
and some go so far as to divide the genus Hcemoproteus into two groups, 
the members of one of which are supposed to follow Schaudinn’s still 
unconfirmed cycle, while the members of the other develop along the line 
worked out by Arag.lo and Adie. The majority of observers, however, 
disregard Schaudinn’s statements concerning the development of //. noctuce, 
which were so much the result of theoretical bias as to make it completely 
unjustifiable to employ his figures and description, as has frequently been 
done, as the basis of what the life-cycle of trypanosomes should be. 

A further generalisation, based on Schaudinn’s views, has been made 
by Hartmann and others. It is concluded that not only halteridium, 
but all other pigmented blood-parasites, are closely related to the trypano- 
somes, which themselves are supposed to possess two nuclei. Granules, 
which sometimes occur in the cytoplasm of these parasites outside the 
nucleus, and which take a red colour with Romanowsky stain, have been 
homologized with the kinetoplast of trypanosomes. Woodcock (1909a) 
described such an extranuclear granule in the halteridium of the chaffinch, 
and, though he subsequently changed his opinion, considered he had 
obtained the first definite evidence in support of Schaudinn’s views. As 
the writer (1910a) pointed out, it is not the discovery of such a granule 
which is of importance, but the conclusive evidence of its homology with 
the kineto])last of try])auosomes. This evidence no one has yet produced, 
so tliat there is no justification for the inclusion of the trypanosomes and 
the pigmented parasites in a special order (Bimicleata) of the Mastigo- 
phora. As noted above (p, 331), it has not yet been established that the 
kinetoplast of a trypanosome is in any way equivalent to a nucleus. 

Simond (19(U) described the first pigmented parasite from the blood 
of a cold-blooded animal, the tortoise Trionyx indicus of the Ganges. 
He named it IlannanKvba metchnikowi, but it unquestionably belongs to 
the genus Ilrvmoprotens. Since Simond's discovery was made, a number 
of similar forms have been described from cold-blooded animals. Nothing 
is known of these apart from the gametocytes which appear in the red 
blood-corpuscles, though in some instances male gamete formation has 
been observed to take place, as in the case of the bird parasites. Future 
investigations will probably show that they have a cycle of development 
similar to that of H, cohimbce. 
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HiEMOPROTEUS OF BIRDS. 

Members of the genus Hcemoproteus have been discovered in a large 
number of birds, but practically nothing is known of the possibility of one 
and the same species occurring in different hosts. The question is more 
difficult to investigate than in the case of Plasmodium prcecox, where the 
susceptibility of birds can be tested by direct inoculation of the asexual 
forms in the blood. Many species of Hcemoproteus have been named, 
and, though certain differences in the gametocytes undoubtedly occur, 
it is clear that many of the species are not valid. In most cases, the 
name has been given on the assumption that each parasite is specific to 
the host in which it occurs. Though future investigations will probably 
prove that many species do actually exist, at the present time there are 
few data from which definite conclusions can be drawn. The writer has 
attempted without success to infect canaries by injecting sporozoites from 
the salivary glands of Lynchia maura infected from pigeons harbouring 
H. columbce. Pigeons were readily infected in this manner. 

One point in connection with the members of the genus Hcemoproteus 
should always be remembered. If blood containing them be observed 
between a slide and cover-glass, the mature gametocytes quickly contract 
to a spherical form in preparation for fertilization. The same change may 
occur in the blood-vessels of a bird after death, so that only the altered 
parasites in distorted cells will be found if blood-films are not made 
immediately death has occurred. The altered parasites bear a resem- 
blance to the gametocytes of P. prcecox, so that errors of diagnosis have 
frequently been made (Plate VI., 9 - 10 , p. 882). 

Haemoproteus columbae Celli and Sanfelice, 1891. — This halteridium is 
a parasite of the common pigeon, Columba livia, and has been recorded 
from South Europe, Africa, India, and South America. It will probably 


lorZa, Growth of female gametoeyte in red blood-corpuscle. 

16-36. Growth of male gametoeyte. 

4a-5a. Rounding off of female gametoeyte and escape from cell. 

46-56. Rounding off of male gametoeyte and formation of male gametes. 

6. Fertilization. 

7-12. Formation of ookinete, which finally makes its way through the stomach wall of 
Lynchia maura. 

13. Young oocyst on stomach wall of Lynchia maura, 

14. Mature oocyst filled with sporozoites, which eventually enter the salivary glands of 

the fly and are thence injected into the pigeon. 

15. Sporozoite entering a cell, probably endothelial cell, of a blood-vessel of the x)igeon. 

16. Growth of the sporozoite in mononuclear cell. 

17. Primary segmentation into a number of uninucleate bodies (cytomeres). 

18-21. Each uninucleate body increases in size and becomes multinucleate. 

22-23. Segmentation into numerous minute young gametocytes which enter the red blood 
corpuscles. 

It is possible that the primary schizogony represented at 16 and 17 is repeated several 
times before the succeeding development occurs. 
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be found to have a much wider distribution, and to occur in other birds 
than the common pigeon. 

As pointed out above, the forms which parasitize the red blood- 
corpuscles, and are encountered in ordinary blood-films, are the gameto- 
cytes. These occur in all stages of growth from the tiny rings, which result 
from the entry of a merozoite, to the elongate crescent or halter-shaped 
adult gametocytes which lie around the nucleus of the host cell in the 
typical halteridium manner (Fig. 383, i-j). 

Cycle in the Pigeon. — The asexual cycle of H. colurnbce occurs in the 
endothelial ceils of the blood-vessels of various organs of the body, par- 
ticularly the lungs, as first described by Aragao (1908), and subsequently 
by Negri (1913), Acton and Knowles (1914), and Gender (1915). The 
writer has followed the development in English pigeons exposed to the 
bites of Lynchia niaiira which had fed on infected pigeons from Algeria, and 
in pigeons inoculated with sporozoites from the salivary glands of these 
flies. The actual behaviour of the sporozoites after their injection into 
the pigeon has not been followed, but it is presumed that they enter endo- 
thelial cells of the blood-vessels and grow into schizonts, which are such a 
conspicuous feature of the later stages of an infection. If the organs of 
pigeons are examined when young gametocytes are commencing to appear 
in the red blood-corpuscles, numerous schizonts in various stages of 
development ire found, especially in the lungs. The youngest stages 
are minute cytoplasmic bodies with a single nucleus within the cytoplasm 
of an endothelial cell (Fig. 383, 15 - 16 ). According to Aragao, growth 
takes place, followed by nuclear multiplication, and finally segmentation 
into fifteen or more small unpigmented masses (cytomeres), each with a 
single nucleus (Fig. 383, 17 ). Each of these continues to grow, and its 
nucleus multiplies by repeated divisions till the cytoplasm of the cell, 
which has become considerably hypertrophied, is filled by a number of 
multinucleate bodies, each of which appears to be surrounded by a fine 
cyst wall or membrane. Within the membrane the multinucleate cyto- 
plasmic body or cytomere divides into an enormous number of minute 
merozoites (Fig. 383, 18 - 23 ). The development up to this stage occupies 
about four weeks, during which it is presumed that schizogony has been 
repeated a number of times. The endothelial cell finally breaks down, 
and the cysts, which vary much in size, but may reach a diameter of 
60 microns, are set free and accumulate in the capillaries, which are some- 
times completely blocked (Fig. 389, 2 ). Shortly after their liberation, the 
cysts rupture and the merozoites escape into the blood-stream. It is then 
that the first forms are seen in the red blood-corpuscles as minute cyto- 
plasmic bodies with a single nucleus and often a vacuole (Fig. 383, i). 
These have been formed by the entry of the merozoites liberated from the 
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cysts. It is 'possible that some of them enter other endothelial cells, and 
again become scTtwonts. The forms within the endothelial cells are never 
pigmented, since no httwoglobin occurs in these cells. Acton and Knowles 
(1914), who studied the deV^opment of H. columbce in the pigeon in India, 
came to the conclusion that schi 2 fogony occurred only in the lung, and that 
merozoites, when produced, either entered red blood-corpuscles, where they 
grew into gametocytes, owing to the blood offeriiag unfavourable conditions, 
or remained in the lung, where they became schiztMits in surroundings 
which were favourable owing to a greater supply of oxygwu In the 
sparrow of Bagdad the writer, however, noted that schizonts occurred 
in the vessels of the kidney and liver as also in those of the lung 
(Fig. 389). Other observers have also noted that in the case of H, columbce 
schizogony is by no means limited to the lungs. Wasielewski and Wiilker 
(1918), in the case of the halteridium of the kestrel {Cerchneis tinnunculus), 
noted that masses of schizonts occurred in the vessels of the lungs, liver, 
kidneys, and spleen. In the case of pigeons studied by the writer, the 
schizonts do not necessarily form cytomeres before giving rise to merozoites. 
Tlie schizont is usually a large sausage-shaped body with innumerable nuclei. 
It is lodged in an endothelial cell of a capillary, and during its growth along 
the wall of the vessel it may send out branches along the bifurcations 
of the capillary, so that it becomes triradiate or even multiradiate. 

Tlie merozoites which have entered the red blood-corpuscles are 
young gametocytes. Sometimes as many as a dozen young forms are 
present in a single cell. Iji dry films, as pointed out by Wasielewski and 
Wiilker (1918), by a fusion and overlapping of the parasites these multiple 
infections may give rise to an appearance of schizogony. AVhen the game- 
tocytes are fully grown, it is only rarely that even two are found in one 
cell, so that it would seem, as in the case of the malarial parasites of man, 
that either the cells witli multijde infections die, or some of the parasites 
leave the cell. The young gametocyte very soon becomes elongate, and, 
as in members of the genus Plasmodutm^ granules of brown or black 
pigment appear in the cytoplasm (Fig. 383, 1 - 3 ). As increase in size 
takes place, the organism grows round one side of the nucleus, which is 
sometimes pushed to the side of the cell, which, however, retains its original 
shape and size. When fully formed, the elongate sausage-shaped gameto- 
cyte may completely encircle the nucleus. It contains a number of 
pigment granules distributed through its cytoplasm. The single nucleus 
is central in position. The adult gametocytes and even the younger 
ones can be distinguished as male and female. The former consists of 
hyaline cytoplasm, stains a pale blue or pinkish colour with Romanowsky 
stains, and has a rather large central nucleus consisting of a membrane 
enclosing a number of line chromatin granules (Fig. 383, 1 ^- 3 ^). The 
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female gametocyte has a denser cytoplasm, stains more deeply bine, and 
possesses a more compact nucleus, in which a distinct karyosome can be 
detected, especially when properly fixed (Fig. 383, la-sa). The pigment 
granules in the male gametocyte are frequently aggregated into a number 
of spherical masses, those in the female being more uniformly distributed 
through the cytoplasm. Occasionally, a cell will be seen with a gameto- 
cyte on each side of the nucleus, which retains its central position 
(Fig. 381 3). These may be of the same or of different sex. 

Influenced by the fact that schizogony of proteosoma takes place in 
the red blood-corpuscles, Labb6 (1894) describes what he supposed to be 
schizogony of halteridium in the peripheral blood. The forms which are 
now known to be gametocytes were supposed to break up into a number 
of merozoites at each end. Carpano (1913) seems to be the only observer 
who claims to have rediscovered this process, but as his so-called halter- 
shaped schizonts with merozoites at each end still have the central nucleus 
characteristic of the gametocyte, it seems probable that what he called 
nuclei at the poles were granules of another nature. The true schizogony 
is undoubtedly that which takes place in the endothelial cells. Attention 
has been drawn above to the occa»ional occurrence of one or more extra- 
nuclear red-staining granules in these gametocytes. Legroux and Lwoff 
(1924) have noted what they interpret as gametocytes of H, oryzivorce 
with two, eight, and sixteen nuclei. They believe that these stages 
represent a parthenogenesis of the macrogametocyte. As noted above, 
Wasielewski and Wulker (1918) called attention to the fact that multiple 
infection of red cells might give rise to an appearance of schizogony owing 
•to the actual fusion or the apparent fusion in dried films of the cytoplasm 
of a number of young parasites. 

Cycle in the Fly. — The subsequent development of the gametocytes of 
H, columbce takes place in Lynchia mama (Fig. 387). That this fly was 
the transmitting host was first proved by Sergent, Ed. and Et. (1906). A 
search for a developmental cycle in the fly revealed the male gametocytes 
producing male gametes by the active process of flagellation (Fig. 383, 
46-56), the female gametocyte giving rise to a single female gamete by a 
process of maturation (Fig. 383, 4a-5a), and the fertilization of the female 
gamete by one of the male gametes (Fig. 383, 6). The zygote thus formed 
was seen to become an ookinete or travelling vermicule (Fig. 383, 7-12). 

The development up to this stage is comparable with that of the 
parasites of human malaria to be described below. It can readily be 
observed in fresh blood between a slide and cover-glass. The further 
development of the ookinetes could not be traced, though it was noted 
that they got rid of their pigment, as was subsequently observed again 
by Mezincescu (1909) and Gonder (1916). Woodcock (1915) noted that 
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the ookinetes of the parasite of the little owl were devoid of pigment in 
the stomach of Culex jpipienSy while Wasielewski and Wulker (1918) 
described the separation of the pigment from the ookinetes of the parasite 
of the kestrel (Fig. 381). The pigment accumulates at the posterior end, 
and is separated with a small portion of the cytoplasm by a constriction. 



Pig. 384.- Dissection of the Alimentauy Tract ani> Salivary Glands of 
Lynehia manra, showing Oocysts of IJwmoproietis of the Pigeon on the 
Wall of the Mid-Gut. (After Helen A die. 1915.) 

Common salivary duct; //.«.<?., goblet-shaped organ in thorax; pro., proventriculus; di . pro- 
ventricular diverticulum; d.e/i., duct o( diverticulum: salivary gland; . mid-gut; 

c., oocysts on surface of gut; m.t . Malpighian tubes; hind gut; r.j/., rectal glaiids. 


If all the pigment be not removed by the first, a second constriction forms. 
In view of the observation of Adie, to be described below, it would seem 
that the separation of the pigment may be an abnormal process. 

Neither the Sergents (1906), Aragao (1907, 1908), nor Gonder (1915) 
were able to trace any further development of the ookinete in L, maura. 
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and it was concluded that in all probability the ookinete itself was inocu- 
lated into the pigeon. In fact, Mezincescu (1909) and Gonder (1915) 
claim to have infected pigeons by injecting ookinetes. Aragao (1916a), 
however, attempted to repeat this experiment without success. Helen 
Adie (1915), working in India, was the first to follow the complete develop- 
ment of the ookinetes in Z. maura (Fig. 383, 13 - 14 ). They penetrate 
the hinder portion of the mid-gut, where they produce pigmented oocysts 



Fig. 385 . —Dissection of the Halt vary Apparatus of a Lynvhm maura heavily 
INFECTED WITH SPOROZOITES OF II(Vmoprot€U8 OF THE PiGEON. (AiTEU 
Helen Adie, 1915 .) 

The granular material around the cut end of the common salivary duct and the extremities of 
the salivary glands represent escaping sporozoites, the shape and structure of which are not 
apparent at this low magnification. 

on the outer surface of its wall, as malarial parasites do in mosquitoes 
(Fig. 384). These oocysts increase in size, and eventually give rise to 
numbers of sporozoites, which are of the type seen in malarial parasites, 
and measure up to 10 microns in length. They invade the salivary glands 
which lie ventrally in the abdomen, and which in infected flies often appear 
packed with sporozoites (Fig. 385). The minute details of the develop- 
ment were not given, but it was said to follow very closely that of Plas- 
modium prcBCOx in species of Culex. The oocysts, which moreover contain 
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pigment, are not so readily detected on the gut of L. maura as they are in 
mosquitoes, on account of the size of the gut itself. If, however, the 
mid-gut is under a cover-glass, the cysts can be seen at the edge, and by 
moving the cover-glass so that the gut rolls on the slide, successive crops 
of oocysts will come into view. In a later paper Adie (1924) describes 
observations made on pigeons in Sergent’s laboratory in Algiers. She 
has been able to confirm completely her previous work in India, and gives 
figures of the developmental stages of the parasite (Fig. 386). Flies which 
have lived on infected pigeons for ten to twelve days, since they feed 



Fig. 386.— Development of Tlcemoprolens columhm on ►Stomach of Lynchia maura, 
(After Hkij^ln Adie, 1924; Slightly Altered.) 

A. Side view of edjie of flattened 8tomaeh.Rho^vin^ numerous ocieysts of various sizes ( x ca. 72). 

B. Edge of Htomneh more highly magnitied. showing mature and immature ooeysts with 

pigment granules (x ca. 450)*. 

(\ Intact ooeyst and ruptured oik'vst, with discharged sp.orozoites and residual cytoplasm 
(x CO. 600). D. Free sporozoites (x Cl*. 1.2(K)). 

daily, show all stages of development of the parasite from the odkinete up 
to the sporozoites in the salivary glands. The mature oocyst measures 
about 36 microns in diameter. Clean pigeons exposed to infection by 
infected flies first sliow young gametocytes in the blood in about four weeks, 
and a similar interval is noted when sporozoites from dissected flies are 
injected subcutaneously. The WTiter has succeeded in infecting pigeons in 
England by means of flies sent from Algiers. With the help of Mrs. Adie he 
has also been able to demonstrate the various stages of the development 
in the fly, so that there is no longer any doubt that the cycle first described 
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by her in 1915 is the correct one. The various stages of development 
correspond very closely with those of malarial parasites in mosquitoes. 

Transmission. — As already noted, Sergent, Ed. and Et. (1906), first 
actually transmitted the infection experimentally to pigeons by means of 
infected flies (Lynchia mama) which were sent from Algiers to Paris 
(Fig. 387). In South America, according to Aragao (1916a), the transmitting 
hosts of //. columbcB are L, lividicolor, L. brunea, and Microlynchia fusilla. 
Working in South Africa, Gonder (1915) effected transmission with 
L. {Olfersia) capensis, and Adie (1915, 1924) in India and Algeria with 
L, mama. The writer has infected English pigeons in London by moans 
of this fly fed on Algerian birds. 



Fig. ^^l.~Lynvhia maura ( ? ), the Transmitting Host of Hcemoproteiis columhce 

(x 5). (Original.) 

OTHER OBSERVATIONS ON HALTERIDIA OF BIRDS.— Mello and Braz de 
Sa (1916) described the schizogony cycle of a halteridium of an Indian 
pigeon {Copsychus saularis), Aragao (1916a) that of the halteridia of Colum- 
bigallina talpacota and Chanthornus jamaicai of Brazil, and Wasielewski 
and Wiilker (1918) that of the halteridium of the falcon (Cerchneis tin- 
nunculus). A similar cycle was demonstrated for H. oryzivorce of the 
Java sparrow (Munia oryzivora) by Anschutz (1909, 1910), who observed 
the schizonts, not only in the lungs, but also in the bone marrow and brain 
(Plate VI., 11 - 17 , p. 882). The writer found schizonts in the lung, liver, 
and kidney of the common Bagdad sparrow (Figs. 388, 389). 

Franchini (1922a) studied the development of H, chelidonis of the 
Italian swallow {Chelidon urbica). He has seen developmental forms in 
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the lungs of the type described above, and he also claims to have seen 
very similar stages in the tissues of fleas {Ceratophyllus hirundinis) taken 
from abandoned nests. He supposes the forms seen in the fleas to be the 
stages of development in the invertebrate host. 

Aragao observed that ookinetes of H, columbce were formed in the intes- 
tine of the mite {Dermanyssus) and in the mosquitoes {Culex tceniorhynchus, 
C. confirmatus, and Cellia argyrotarsus), Noller (1920a) noted that ookinetes 
could be developed in the stomach of the bed bug. He found no develop- 
ment in mites {Dermanyssus) nor in fleas {Hectopsylla psiitaci), but in Aides 
argenteus {Stegomyia fasciata) ookinetes formed quite readily, and at a 
temperature of 11° to 12° C. persisted for at least six days. Wasielewski 
and Wtilker (1918) point out that in kestrels 
tlie infection is either acute or chronic. The 
acute one occurs in young birds, which show 
very heavy infections with schizonts in the 
various organs. This phase subsides and 
is succeeded by a chronic one characterized 
by relapses of a milder type, which occur 
during tlie course of several years. As 
Danilewsky (1888) and Koch (1899) had 
done before, they noted that young birds in 
the nest were most heavily infected, and 
believe that the apterous fly {Carnifs 
hemaptenis), which is found on young nest- 
lings, will probably prove to be the trans- 
mitting host of the parasite of the kestrel. 

Sergent and B6guet (1914) showed that 
])igeons which had recovered from an in- 
fection of II. columbw were not immune to 
reinfection. In the case of the sparrow. 

Passer chloris, Sergent, Ed. and Et. (1907), showed that, without reinfec- 
tion, the parasites might persist in the blood for three years. They 
demonstrated a similar persistence of infection in the pigeon. Gametocytes 
might be absent from the blood for months together, but would reappear 
later. This observation has been repeated by Senevet and Witas (1922), 
who point out that on this account it is exceedingly difficult to decide 
whether a bird is or is not infected. 

H^MOPROTEUS OF COLD-BLOODED ANIMALS. 

As already stated, the first pigmented parasite of a cold-blooded 
animal to be described was one which Simond (1901) discovered in the 
Indian river tortoise. Trionyx indicus. He gave it the name Hcemamoeba 

II. 58 



Fig. 388. — llcemoproteus of 
Bagdad Sparrow Mero- 
zoiTES IN Vacuole in Mono- 
nuclear Cell in Section 

OF Li V E K ( X 2,000). 

(Original.) 

These presumably become schizonts 
which give rise to similar mero- 
zoites again, or become the large 
schizonts which produce young 
gametocytes as m Fig. 3S9, 
I and 2 . 
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Fig. 389. — Hwmoproteua op Bagdad .Sparrow: .Schizogony (Forming Uameto- 
CYTES) AS SEEN IN SECTIONS OP TISSUES PIXED IN ZeNKER’S FLUID ( X 1,000). 
( Origin Ai.). 


For deteriplion tee oppotUe page. 
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metchnikowi, Laveran (1905) described as H. testudinis a form seen by 
him.^in the South African tortoise Testudo pardalis, Bouet (1909) recorded 
as Plasmodium roumei a parasite of the West African tortoise, Cinixys 
beUiana, and Johnston and Cleland (1909) a similar one, which was named 
Hcemocystidium chelodince, from the Australian tortoise, Chelodina longi- 
collis. In the following year the last-named observers found the same para- 
site in Emydura krefftii and C. oblonga. All these parasites belong to the 
genus Hcemoproteus, Pittaluga (1912) described Hcemoproteus cajali of 
Glemmys africana of New Guinea, and in the same year Plimmer recorded 
his discovery of a Hcemocystidium in five chelonians — viz., Staurotypus 
triporcatus of British Honduras, Chrysemys picta of North America, 
Cinixys homeana, C, erosa, and C. belliana of West Africa. Joyeux 
(1913), again, saw the parasite in C. belliana. The pigmented parasites of 
chelonians are thus of wide distribution. It is very probable they all belong 
to the one species, Hcemoproteus metchnikowi. Castellani and Willey (1904), 
who founded the genus Hcemocystidium^ described as H. simondi a parasite 
of the Ceylon gecko, Hemidactylus leschenaulti. This organism w^as 
studied later by Robertson (1908) and Dobell (1910a), and what is probably 
the same species was seen by de Mello (1916) in H. brookei in India and 
named by him Hcemocystidium kopki. Dobell described schizogony as 
occurring in the red blood-corpuscles, but the appearance of the parasite 
suggests a Hcemoproteus rather than a Plasmodium^ and it seems not 
improbable that the schizonts described by Dobell are in reality the result 
of multiple infection of red cells by young gametocytes. Hcemoproteus 
agamce, described by the writer (1909) from the lizard, Agama colonorum, 
of the Sudan, belongs to the genus Plasmodium. 

Shortt (1922) gave the name Hcemoproteus phyllodactyli to a form dis- 
covered in the Persian gecko, Phyllodactylus elisce, and the name H.grahami 
to another in the Persian rock lizard, Agama nupta. These are very similar 
to and possibly identical with //. simondi. Another form which may belong 
to the genus Hcemoproteus \vas discovered by Iturbe and Gonzalez (1921) 
in a lizard, Anolis biporcatus, in Venezuela. It was named Plasmodium 
gonzalezi, though the only forms seen appeared to be gametocytes. 

Pigmented parasites of snakes belonging to the genus Hcemoproteus 
have also been observed. The first of these to be seen w^as one described 
by Bouet (1909) from a species of Naja or Sepedon of West Africa. He 


1. Numerous schizonts in blood-vessel of liver, each with several nuclei. 

2. View of portion of a blood-vessel in the kidney blocked with mature schizonts ready for 

segmentation into young gametocytes, 

3. Products of schizogony — young gametocytes scattered in the liver tissue. 

4. Young gametocytes just after invasion of red blood-corpusole. 

5. Partially grown gametocytes in red blood-corpuscle. 

0. Two gametocytes still further developed. 7. Mature gametocyte. 
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named the organism Plasmodium mesnili (Plate XVII., 1-5, p. 982). In the 
same year the writer (1909) described the same organism nnder the name 
Hcemocystidium najce from Naja hajce and N. nigricollis of the Sudan, while 
Leger, A. and M. (1914), observed it in Sepedon hcemocholis of Senegal. 
A pigmented parasite of an unnamed lizard was seen by Minchin (1910) 
in Uganda. 

As regards the development of these forms, nothing is known with the 
exception of the fact that Joyeux (1913) noted that Hcemoproteus roumei 
behaved in vitro like the halteridium of birds in that the male gametocytes 
flagellated and produced male gametes. There is no information regard- 
ing the asexual reproduction and the invertebrate hosts, though in the 
case of the aquatic tortoises, leeches; and in the case of the snakes and 
lizards, ticks or mites, may be responsible for transmission. 

The systematic position of these pigmented parasites was discussed by 
the writer (1915). It was concluded that they belonged either to the 
genus Plasmodium with schizonts in the red blood-corpuscles, or to the 
genus Hcemoproteus when no such forms occur in those cells. In both 
genera gametocytes are formed in the red blood-corpuscles. Shortt (1922) 
expressed a similar opinion. M*\uy of these parasites have the same 
appearance as halteridium of birds, and the gametocytes can be dis- 
tinguished as male and female. Young gametocytes in various stages of 
growth occur. Furthermore, flagellation in the halteridium manner also 
takes place, so that there seems no reason to include these forms in a 
separate genus, Hcemocystidium, since they correspond in every way with 
members of the genus Hcemoproteus, in which they will be included here. 
The forms which have been described from tortoises under various names 
are very similar to one another, so that it is not improbable that they 
belong to one species {H, metchnikowi). 

Haemoproteus roumei (Bouet, 1909). — In this parasite male and female 
gametocytes alone are known. The male forms are either spherical, witli 
a diameter of 9 microns, or definitely elongate, and measuring 14*4 by 3*0 
microns. The females are large, and are 12*6 microns in diameter when 
spherical, and 12*6 to 16*2 by 10*8 microns when elongate. The red cells, 
which normally measure 19*8 by 11 microns, may be increased in size. 
There is no distortion of the cell, though its nucleus may be displaced. 
H, roumei occurs in the tortoise, Cinixys belliana, of West Africa. 

Haemoproteus testudinus (La veran, 1905). — Male and female gametocytes 
can be distinguished by differences in staining reaction. They are either 
ovoid or reniform, with a measurement of 10 to 12 microns in longest 
diameter, when they occupy one end of the cell, or they are elongate and 
measure 20 by 7 or 8 microns, and lie around the nucleus in the halteridium 
manner. The youngest gametocytes seen had a diameter of about 
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3 microns. The red cell, which has a length of 20 microns, is not dis- 
torted. The host is Testudo pardalis of South Africa. 

Haemoproteus chelodinae (Johnston and Cleland, 1909). — This parasite 
occupies the end of the red cells, and varies in size from 4 by 3 to 12*5 
by 10 microns. The normal measurements of the red cells, which are not 
distorted, arc 17 to 18*5 by 10 to 12 microns. Male and female gameto- 
cytes can be distinguished. The parasite occurs in various Australian 
tortoises (Chelodina longicollis, C, oblonga, Emydura hrefftii), 

Haemoproteus metchnikowi (Simond, 1901). — The only forms seen were 
gametocytes, which occupied one end of the red cell and had a diameter of 
6 to 10 microns. The red cells, which have a length of about 20 microns, 
were not distorted. In some cases, a blunt prolongation of the parasite 
extended up the side of the nucleus. In no case were typical halteridium 
forms seen. Faintly staining male gametocytes with coarse irregularly 
distributed pigment and deeply-staining female gametocytes with finer 
pigment grains could be distinguished. The parasite was discovered b}^ 
Simond (1901) in the Indian river tortoise, Trionyx indicus. 

Haemoproteus cajali Pittaluga, 1912.— This form resembles H. meichni^ 
kowi, except that some of the gametocytes extended Tound the nucleus 
in the halteridium manner. Young gametocytes were also seen. It was 
described by Pittaluga from Clemmyii africana of New Guinea. 

Haemoproteus mesnili (Boiiet, 1909). — This is a parasite of certain 
African cobras, and was first seen by the writer in 1907, though not de- 
scribed till 1909, after Bouet's account had appeared. The only forms seen 
are mature or immature gametocytes (Plate XVII., 1-5, p. 982). The 
smallest forms an* non-pigmented bodies 2 to 3 microns in diameter. As 
they increase in size pigment grains appear, and growth round the nucleus 
of the red cell takes place, as in halteridium. The mature gametocytes 
may be as much as 21 microns in length. The normal red cell measures 
about 17 by 8*5 microns, and this may be increased to 25 by 14 microns 
in the case of infected cells. The cell is not distorted, nor is its nucleus 
displaced unless two parasites occur in the cell. The mature gametocytes 
and even the younger forms can be distinguished as male and female. 

In the case of Naja hajo! and N. nigricoUis, studied by the writer, very 
heavy infections occurred, many parasites being present in each field of the 
microscope. The appearance produced by these intense infections with 
the large nucleated red blood-corpuscles containing the highly pigmented 
gametocytes in all stages of growth was a very striking one. Sections 
of the organs, though showing the smaller vessels packed with parasites, 
did not reveal any schizogony stages like those known to occur in the case 
<>f the Hcemoproteus of birds. In order to discover these, if they occur, 
it would be necessary to examine the snakes at the early stages of an 
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infection. H. mesnili is a parasite of the African cobras, Naja hajw, 
N, nigricollis, and Sepedon hcernocholis, 

Haemoproteus simondi (Castellani and Willey, 1904). — This organism 
occurs in the tree-dwelling gecko, Hemidactylus leschenauUi, of Ceylon. Its 
discoverers gave it the name HoBmocystidium simondi^ but, as pointed out 
above, there is little justification for the recognition of a separate genus. 
The parasite was studied also by Robertson (1908) and Dobell (1910a). 
The gametocytes, both male and female, are large and completely fill the 
cells, which are distorted and have their nuclei displaced. The length of 
the gametocytes is about 18 microns, and the breadth about half this. 
There are numerous dark pigment granules distributed through the 
cytoplasm. Dobell describes schizonts in the red blood-corpuscles. 
These are round bodies about 8 microns in diameter, and are supposed to 
divide into two or four merozoites. It has still to be demonstrated that 
the so-called schizonts are not the result of multiple infections of a single 
cell with fusion of the cytoplasm of adjacent parasites. Wasielewski and 
Wiilker (1918), as noted above, have shown that a similar appearance 
occurs in the case of the halteridium of the kestrel, and have demonstrated 
that it results from the fusion o^ adjacent parasites during the drying of 
the blood-film. What is probably the same form was described by de 
Mello (1916) under the name of Hcemocystidium kophi from Hemidactylvs 
brookei of India, while Adler informs the writer that he has seen it in 
H, turcicus in Palestine. 

Haemoproteus phyllodactyli Shortt, 1922, and H, grahami Shortt, 1922. 
— These two parasites were discovered by Shortt in two Persian lizards, 
Phyllodactylus elisw and Agama nupta. They closely resemble one another, 
and also H, simondi. The appearance of the mature gametocytes and 
the younger forms of these is very like that of the halteridia of birds. 
Schizonts were not observed, though these were searched for in smears 
and sections of the organs. Shortt rightly placed these parasites in the 
genus Hcemoproteus. 

Haemoproteus gonzalezi (Iturbe and Gonzalez, 1921). — This parasite 
was discovered by Iturbe and Gonzalez (1921) in a chameleon (Anolis 
biporcatus) of Venezuela. It was only seen on one occasion, the lizard 
having a heavy infection of what appeared to be gametocytes only. These 
occupied the sides of the red blood-corpuscles, and each was an ovoid body 
with a central or terminal nucleus. The pigment was in the form of coarse 
granules. No satisfactory evidence of schizogony in the peripheral blood 
was obtained, and it is suggested that it may take place in the internal 
organs. The parasite was placed in the genus Plasmodium, but on account 
of the absence of information regarding the schizonts, it is transferred to 
the genus Hcemoproteus. 
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Oenus: Leucocytozoon Danilewsky, 1890. 

The name Leucocytozoon was first given to certain unpigmented parasites 
seen by Danilewsky in the blood of birds. He suggested this name because 
he considered them to be parasitic within leucocytes, and though this may 
not actually be the case, the name still stands. The members of the genus 
are parasitic in certain cells of the blood, which contain no haemoglobin, 
and in consequence they do not form pigment, like the nearly related 
members of the genus Hcemoproteus. The forms found in the peri- 
pheral blood are all gametocytes, which may be seen there in various 
stages of growth (Plate VI., 18-23, p. 882). As in the case of halteridium, 
they can be distinguished as male and female, the former staining more 
lightly than the latter, which consists of denser cytoplasm. The nucleus 
of the male is large, and contains within its membrane numerous chromatin 
granules, while that of the female is more compact and has a well-marked 
karyosome. The cells in which the youngest forms occur appear to be 
immature red blood-(!orpuscles devoid of haemoglobin (Fig. 390, 1-2). As 
the gametocyte grows, the cell is profoundly changed and generally 
develops into an elongate fusiform body much larger than the normal red 
blood-corpuscles (Fig. 390, 3-5). The central part of this body is occupied 
by the elongate and hypertrophied nucleus of the cell and the elongate 
gametocyte. When observed in fresh blood preparations, as was first 
noted by the writer (1909) in the case of L. neavei of the guinea-fowl 
{Nnniida ptilorhyncha). the parasites are in constant activity. Peristaltic 
waves of contraction pass along the parasite first in one direction, then in 
the (dher, causing the cytoplasm of the parasite to be driven into the 
spindle-like extremities of the host cell. It was suggested that the peculiar 
shape of the cell might be accounted for by the constant {)ressure exerted 
in the longitudinal direction. During the activities of the parasite, the 
tapering extremities of the cell may show certain movements, but these 
are purely passive. As in the case of lice mo prate us, the mature gameto- 
cytes may sometimes proceed to further development between slide and 
cover-glass. They leave the host cells, and the females become rounded 
macrogametes, while the males j)roduce microgametes by a process of 
flagellation. Eventually, as was first observed by Danilewsky (1889), 
a large unpigmented ookinete is formed (Fig. 382). Furthermore, the 
observations of Moldovan (1914) on L, ziemanni indicate that the asexual 
reproduction takes place in the internal organs of the bird, probably in the 
endothelial cells of the vessels, as in the case of Ilcemoproteus. It seems 
clear that the genus Leucocytozoon must find a place near the genus //fF;ao- 
proteus, from which it differs chiefly in the absence of pigment in the 
gametocytes and the peculiar effect it has on the host cell. There seems 



904 


FAMILY: H^MOPROTEIDiE 


to be little argument in favour of including the leucocytozoa with the 
coccidia or considering them as nearly related to the heemogregarines, as 
Eeichenow (1912) and Doflein (1916) have done. 

As regards Schaudinn’s (1904) remarkable views as to the affinities 
of these parasites little need be said. He mistook entirely the structure 
of the parasite L. ziemanni as it occurs in the little owl, Athene noctua, and 
considered the host cell as part of the parasite. The parasite itself was 
regarded as the endoplasm, and the spindle-like prolongations of the host 
cell cytoplasm as the ectoplasm. The nucleus of the host cell was explained 
as the nucleus of a leucocyte which the fusiform parasite had absorbed. 
These views were the outcome of a desire to homologize the parasite with 
a trypanosome, the only real resemblance to which was its elongate 
fusiform shape. Furthermore, Schaudinn described a complicated de- 
velopment in Culex fifiens^ in which the ookinete was supposed to give 
rise to an enormous number of spirochajtes, which themselves were con- 
sidered to be very narrow trypanosomes. The whole of this work, as also 
that on Hcemoproteus noctuce noted above, has received no confirmation, 
and cannot be accepted as correct. 

A large number of leucocytozoa has been described from birds, and 
many of them have received specific names. It is exceedingly doubtful 
if any of these can be identified apart from their hosts. There is a great 
uniformity in the group as far as it is known. In describing these para- 
sites, many observers have neglected the fact that they are large and 
easily deformed in the usual process of blood-film work. Working with 
L, neavei, the writer noted that, whereas in fresh blood preparations all 
the parasites were in spindle-shaped cells, in dried films, especially if made 
some time after the death of the bird, there was a much greater diversity 
of shape, many of the parasites being spherical, while the cells appeared to 
have lost their tail-like prolongations. The change is often the result of 
a rounding-off of the parasite in preparation for the fertilization process. 
As in the case of Hcemo'proteus, this will occur in the blood-vessels of a 
bird after it has been killed. It is undoubtedly a fact that many of the 
descriptions and figures given of species of this genus have been made 
from forms which have altered in this manner. In some cases, however, 
it may be that the host cell is actually rounded, and does not possess the 
filamentous prolongations (Plate VI., 18 - 20 , p, 882). 

1-11. Leucocytozoon neavei from blood of guinea-fowl ( x 2,000). 

1-2. Hfiemoglobin-free cells from blood; the types which appear to be those infected. 

3. Very much flattened cell with young parasite. 

4-7. Partially ^own gametocytes in spindle-shaped cells. 

8. Double infection of cell with partially grown forms. 9. Male garnet ocyte. 

10. Female gametoc 3 rte. 11. Male and female gametocyte in same cell. 

12-14. Schizogony of L. ziemanni in organs of little owl ( x 1,600). 

15-17. Diagram of supposed schizogony of L, lovatim organs of grouse ( x 1,600). 
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LewocytOTOon neaveii[BTilfour, 1906).- This parasite was discovered by 
Neave (1906) in the Sudan guinea-fowl, Numida ptylorhyncha, and named 
Hcemamceha neavei. It was studied by the writer (1 909). The youngest forms, 
seen in the peripheral blood are minute cytoplasmic bodies about 3 microns 
in diameter, lying in the hollow of a nucleus in a more or less rounded cell. 
Slightly larger and elongate forms are also seen in cells which have a 
spindle shape (Fig. 390, 3 - 5 ). It is a difficult matter to determine the 
exact nature of these cells. In the blood of birds there occur cells which 
resemble the red blood-corpuscles, but appear to be devoid of haemo- 
globin. Sometimes these cells are drawn out at their extremities, just as- 
occurs in cells infected with the parasite (Fig. 390, 1 - 2 ). A comparison 
of these uninfected spindle cells with the smallest infected cells of the 
same shape lends support to the view that it is this type of cell which is 
invaded by the parasite. The cells are generally regarded as immature 
red blood-corpuscles. Whatever may be their nature, with increase in 
size of the parasites, which, it must be remembered, are gametocytes, the 
host cells grow considerably in size, and at the same time retain the spindle 
shape. At a very early stage, and during subsequent development, the 
gametocytes can be differentiatid into male and female. The former 
consists of more hyaline cytoplasm, stains a pale blue or pink colour with 
Romanowsky stains, and has a nucleus represented by an elongate mass 
of granules. The female, on the other hand, consists of denser cytoplasm, 
which stains a deep blue colour, and has a compact nucleus consisting of 
a group of fine granules, and frequently one larger gramde, which probably 
represents the karyosome. This is borne out by the appearances seen in 
specimens stained after wet fixation (Fig. 382). When fully grown, the 
gametocyte measures about 20 to 25 microns in length by about 5 microns in 
breadth. The nucleus of the host cell lies at one side of the parasite, and 
may be as long and as broad as the parasite itself. The central part of the 
cell is completely filled by the parasite and the nucleus, but terminally its 
cytoplasm is continued into tapering extremities 10 to 15 microns in length. 
The entire structure, made up of host cell and parasite, may measure 
50 microns in length by 5 to 10 microns in breadth. As a rule, there is 
only a single parasite in each cell, but occasionally two gametocytes may 
be present, in which case the nucleus of the cell usually lies between them 
(Fig. 390, 8 -n). In these cases the gametocytes may be of like or different 
sex. This is exactly comparable with what occurs occasionally in species of 
Hcemoproteus (Fig, 381, 3 ). The movements of the gametocytes, as seen 
in fresh blood, have been mentioned above, and they are to be compared 
with those of halteridium or the gametocytes of malarial parasites which 
occur prior to gamete formation. Though the process of flagellation 
or microgamete formation was not actuaUy observed in L. neavei^ an 
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appearance which must be interpreted as the fertilization of the female 
gamete by male gametes was seen in a stained film. As pointed out 
above, Danilewsky (1889-1891) observed the whole process up to the 
formation of the ookinete in the case of leucocytozoa of European birds. 
The male gametocyte, when producing male gametes (the flagellating body), 
hecalledthePoZymi^t^s major, and the ookinete 

The degree to which guinea-fowls are found naturally infected varies 
considerably. The heaviest infections were seen in young birds, 'while 
older birds had, as a rule, scanty infections. This suggests that the young 
birds are infected soon after hatching. No asexual reproduction phases 
were observed in guinea-fowls, though these were specially looked for. 
It is probable that they would only be found in early stages of infection, 
as occurs in halteridium. Accounts of the asexual reproduction have been 
given for other species. Fantham (1910) described what he considered 
to be the schizogony of L. lovati of the Biitish grouse, Lagopus scoticus. 
Ovoid encysted bodies measuring 11 to 14 by 8 to 11 microns were noted 
in the spleen. In the early stages there was a single nucleus, but older 
forms possessed twelve to twenty nuclei (Fig. 390, 15 - 17 ). Segmentation 
into a corresponding number of merozoites then occurs. These measure 
7 to 8 microns in length by 1 to 1*5 microns in breadth. No one has yet 
eoufirmed Faiitham's observations, and there is no actual evidence that 
he was dealing with the schizonts of i. lovati. Moldovan (1914) described 
the asexual reproduction of L. ziemanni (Fig. 390, 12-14). The forms 
considered as schizogony stages were only seen in very heavy infections 
or acute attacks, which occurred ju.st prior to death of the birds. Large 
cytoplasmic bodies up to 25 microns in diameter were found in the organs. 
The fully-developed schizonts contain a large number of nuclei, and 
segmentation into merozoites completed the schizogony process. Bodies 
of a similar nature were found by Coles (1914) in the blood and lung smears 
of an English thrush which harboured leucocytozoa. In this case the 
largest bodies measured 23*3 by 18-3 microns, and contained a large 
number of nuclei. Similarly, Kniith (1922) and Knuth and Magdeburg 
(1922) described the schizogony stages of a Leiicocytozoon of geese in 
Germany, which they named L. aitseris, as taking place in the internal 
organs either within mononuclear cells or free in the plasma. The 
description of these bodies as schizonts is in accord with what is known 
to occur in Hwmoproteus, and in view of the close relationship of the 
halteridia and leucocytozoa the forms noted by Moldovan, Coles, and 
Knuth and Magdeburg have probably been correctly interpreted as 
schizonts by these observers. 

Nothing is known of the transmitting hosts of the leucocytozoa, but 
it will probably be found that these are the same as those responsible 
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for the transmission of the various species of Hcemoproteus, and it may be 
expected that a similar development will take place. From the researches 
of Danilewsky, Schaudinn (1904), Wasielewski (1908), the writer (1909), 
and Moldovan (1914), it is known that in vitro the gametocytes develop 
and give rise to ookinetes in the same manner as do gametocytes of 
members of the genera fl cemoproteiis and Plasmodmm (Fig. 382). The 
development up to this point will also take place in the stomach of Culex 
pipiens, as demonstrated by Schaudinn (1904), but it has not been proved 
that the mosquito is the transmitting host. 

In this place can be considered a parasite which was described by 
Laveran (1902) as Hcemamoeba majoris from Pams major. It differs from 
other leucocytozoa in the presence of pigment granules. Cardamatis 
(1911) claims to have seen pigmented forms of L, ziematmi in smears of 
bone marrow, and Fran 9 a (1912) noted pigmented leucocytozoa only once 
in fifteen infected birds (P. major and P, cceruleus). It seems, therefore, 
that pigment granules may occur exceptionally in certain leucocytozoa, 
but whether the pigment is of the same nature as that in Hmnoproteiis 
has still to be determined. 

As in the case of birds infected with halteridium, those harbouring 
leucocytozoa appear, as a rule, to be little affected by the parasite. Knuth 
and Magdeburg (1922) have, however, noted very heavy infections in 
young geese in Germany. The birds became seriously ill and died, and, 
according to these observers, this result was directly due to the leuco- 
cytozoa, which occurred in large numbers in all stages of development 
in smears of the blood and organs. 

Wickware (1915) noted that sick ducks in Canada were heavily infected 
with a leucocytozoon, which he named L. anatis. Though healthy birds 
were not infected, and though the parasites disappeared from the blood 
of the sick ducks as they recovered, he hesitated to ascribe the illness to 
this particular organism. 

2. Family: PLASMODiiDifE Mesnil, 1903. 

The members of this family, which are included in the single genus 
Plasmodium, are pigment-producing parasites which live in the red blood- 
corpuscles of vertebrates during the asexual cycle. Gametocytes are also 
produced in these cells. They develop no further in the vertebrate, and it 
is probable that in all cases they complete their sporogony cycle in inverte- 
brates, which inoculate sporozoites into the vertebrates. The malarial 
parasites of man and birds are the only ones which have been completely 
studied, and in these cases the invertebrate hosts are mosquitoes. 

The best-known members of the genus Plasmodium are the various 
malarial parasites of man and the closely allied malarial parasites (pro- 
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teosoma) of birds. On account of their supreme importance from the 
point of view of human disease, malaria of man being, perhaps, the most 
widespread and universal of all diseases, these parasites, since their dis- 
covery by Laveran (1880), have been the subject of most extensive 
investigations from every point of view. It may be claimed that their 
cycles of development are completely known, though certain details of 
this development and many of the factors w^hich regulate it have yet to be 
elucidated. 

Historical Account of the Discovery of the Malarial Parasite of Man, and 
its Development in the Mosquito. 

Though pigmented leucocytes and pigmented bodies had been recognized in the 
blood and organs of persons who had had malaria by Meckel (1847), Virchow (1849, 
1858), Planer (1854), and others, it was the most important discovery of Laveran 
(November 6, 188n) of the phenomenon of “ flagellation ” which convinced him 
that malaria was duo to tho invasion of the rod blood-corpuscles by a pigment- 
producing protozoal i)arasite. Though Laveran’ s discovery w^as at first discredited 
by Italian and other writers, in spite of confirmation by Richard (1882), it was tho 
Italians who eventually explained the asexual cycle and correlated the various 
forms which occur in tlie blood with the clinical picture of malaria as it is so w'ell 
known to-day. Most important in this respect was the work of Golgi commenced 
in 1885, while much information was also contributed by other Italian observers, 
notably Marchiafava, (’elli, Ganalis, Grassi, Felotti, Bignami, Bastianelli, Sanfelico, 
and Manneberg. Hie problem of the letiology of malaria still remained obscure* 
and though its possible transmisvsion by mosquitoes had been suggo-sted by Xolt, 
Beauporthuy, King, and Laveran, tho most precise prediction, and the one most 
accurate from the point of view of subsequent discovery, was that of Richard Pfeiffer 
(1892). This observer, after a study of the development of the coccidium of the 
rabbit, recognized the relationship of the malarial parasite and coccidia, and pre- 
dicted for the former an exogenous cycle similar to that of coccidia, but which, 
owing to the absence of a resistant stage comparable with tho oocyst, might take 
pl.‘w?e in tho body of some blood-sucking insect. The resulting germ, ho thought, 
might find its way into man through the sting of tho insect, as Koch had suggested 
to him. It w\as Manson’s obseivation that Filaria hancroftL a disease-producing 
worm, tho embryos of which occur in tho blood-stream, developed in culex 
mosquitoes, wiiicli led him to tho view, expressed in a paper published in 1894, 
that malaria would be found to be transmitted in a similar manner. So convinced 
was he of tho a'.tiological connection of mosquitoes with malaria, that Ross deter- 
mined to investigate tho problem in India, with the remarkable and epoch-making 
results which liave proved to be of such supremo importance from the point of view 
of preventive medicine. Manson’s share in those investigations was duly acknow^- 
ledgod by Ross in the following words, with which he concludes his report (18986): 
“ These observations prove tlie mosquito theory of malaria as expounded by Dr. 
Patrick Manson; and, in conclusion, I should add that I have constantly received 
the benefit of his advice during the enquiry. His brilliant induction so accurately 
indicated the true line of research that it has been my part merely to follow' its 
direction.” Ross’s experiments were no less remarkable than Manson's “ brilliant 
induction,” for he was working under difficulties and along entirely new' lines. 
With precise information regarding the anatomy of mosquitoes, the methods of their 
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dissoction, and what to expect after they have fed on malarial hlood, experimental 
infection of mosquitoes and the study of the developmental cycle are comparatively 
simple matters at the present time. But when Ross was conductijig his investigations 
every unexpected structure had to be explained, and the tracing of the life-cycle 
in the body of the mosquito was surrounded by obscurities, every one of which 
was overcome. Ross first discovered the life-cycle of the parasite of bird malaria 
in “ grey mosquitoes,” after having observed partially developed oocysts of human 
malaria in “ dappled-winged mosquitoes.” Though he himself only saw immature 
oocysts of the human malarial parasite in the mosquito, his prediction, which sub- 
sequent research has entirely justified, was that the human parasite would be found 
to have a cycle of development in the mosquito similar to that which he had described 
for the parasite of bird malaria. It remained for Italian workers to supply the 
proofs of this hypothesis and to raise it to the realm of demonstrated fact. 

The actual part which Ross and Grassi played in these important discoveries 
has been the subject of endless controversy. In demonstrating the complete 
development of Plasmodium prcecox in Culex faiignns and its transmission from 
bird to bird by this mosquito, Ross opened up an entirely new field, though it has 
to be remembered that Smith and Kilborne (1893) had already proved that a tick 
was responsible for the transmission of the parasite of red-water fever of cattle. 
Ross observed the early stages of the development of a human malarial parasite 
in mosquitoes, but failed to trace the complete cycle or to effect transmission of 
the disease. lie, however, concluded that he had obtained sufficient evidence to 
justify his assertion that human malaria would be found to be transmitted by these 
insects -possibly by some particular species — in the same manner as bird malaria, 
and to advocate the destruction of mosquitoes as a method of prevention of the 
disease. Grassi may have been, and probably was, influenced and guided to some 
extent by what he had hoard of Ross’s discoveries, but nevertheless he and his 
co-workers were the first to obtain the absolutely scientific proof of the specific 
relation of anopheline mosquitoes to human malaria, and to follow the complete 
cycle of development of the three human malarial parasites in these mosquitoes, 
as Ross had done in the case of the x>£^rasite of birds. 

Ross (1895) observed the flagellation of the crescent in the stomach of the 
mosquito, and in 1897 discovered pigmented cysts on the stomach of “dappled- 
winged mosquitoes ” which had been hatched from pui)aB and had fed on crescent- 
containing blood. In the following year (1898) he again reports the discovery of 
similar cysts on the stomach of a “ dappled- winged mosquito.” Ross (18986) 
then turned his attention to bird malaria, and succeeded in elucidating the whole 
life-cycle of the parasite in culox mosquitoes. These results wore first made public 
by Manson (1898), who announced Ross’s discovery at the July meeting of the 
British Medical Association in Edinburgh, the proceedings of which were xiublishod 
on September 24, 1898. 

An important advance had been made by MacCallum (1897), who, from observa- 
tions on the pigmented parasites {H wmoproteus) of birds, discovered the true function 
of the “flagellating body,” and identified the flagella as male elements destined 
to fertilize the female cell, which then became a motile vermicule. Ho also 
observed fertilization in the case of crescents of malignant tertian malaria. 

After Ross’s results with bird malaria had become known, it was not 
difficult for others to repeat and extend the work, as was done by various 
investigators in Italy, who were the first to prove that human malaria was 
transmitted by anopheline mosquitoes, and that the parasites had a cycle of 
development in these insects similar to that demonstrated by Ross for the para- 
site of bird malaria in culex mosquitoes. Bastianelli, Bignami, and Grassi (1898) 
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observed pigmented oocysts in anoplieline mosquitoes which had fed on a case 
harbouring crescents in the blood, as Ross had done in “ dappled- winged mos- 
quitoes ” so early as August, 1897. These observers also succeeded in infecting 
a man with malaria by means of anoplieline mosquitoes. Later in the year Grassi, 
Bignami, and Bastianelli (1898) observed the complete development of the malignant 
malarial parasite in Anopheles claviger (A, maculipennis), and the partial develop- 
ment of the tertian parasite. Early in the follow'ing year Grassi, Bignami, and 
Bastianelli (1899) reported the development of the parasite of quartan malaria in 
A. claviger, and Bastianelli and Bignami (1899) that of the tertian parasite in the 
same mosquito. They succeeded in infecting throe men by bites of mosquitoes. 
Grassi, Bignami, and Bastianelli (1899a) then observed the development of the 
tertian and malignant parasites in A. bifurcntus, and Grassi (1899) that of the same 
Xjarasites in A. psendopicius. Ross (1899) found that the quartan parasite developed 
in anopheles in Sierra Leone. Bastianelli and Bignami (1899) published an illus- 
trated paper describing the complete development of the tertian and malignant 
parasites in J. claviger, and showed that a single infected mosquito could transmit 
malaria to man. Ziomann (1900) in the Gaineroons found that the malignant 
and tertian parasites developed in anopheles. Working in Holland, van der Scheer 
and van Berlokom obtained the development of the tertian parasite in A. claviger, 
Manson (1900) succeeded in infecting a man in London with malaria by means of 
anopheles imported from Italy, while Rees (1900) made a similarly successful experi- 
ment. Meanwhile, the work of Ross on the dovolopinent of Proteosoma in Vulex 
fatigans was confirmed by Koch (1899a) and Daniels (1899). The whole question 
wfis then placed on a sound basis by the publication by Grassi (1900) of a beautifully 
illustrated monograph describing in detail the complete life-cycles of the human 
malarial paiasites in anoj»heline mosquitoes, and the importance of this particular 
t.y])e of mosquito in the e])idemiology of the disease. This closed, as it were, a most 
interesting and important chapter in the history of scientific discovery in which 
the names of Laveran, Man.sou, Ross, and Grassi are specially prominent. Xuttall 
(1901) published a very useful account of the discoveries relating to mosquitoes 
and malaria, the papers dealing with the subject being chronologically arranged. 


LIFE-CYCLE OF THE PARASITES OF MALARIA. 

Cycle in the Vertebrate. — The vertebrate cycle of a parasite of malaria 
commences with the inoculation of sporozoites in the saliva which mos- 
quitoes inject when they puncture the skin for the purpose of obtaining 
blood (Fig. 391, 32 ). The sporozoite thus introduced is a motile vermicule 
which, according to Schaudinn (1902a), forces its way into a red blood- 
corpuscle, where it soon becomes rounded off as a tiny mass of cytoplasm 
with a single nucleus (Fig. 392). Growth takes place at the expense of 
the cell, the parasite absorbing, not only mitriment, but also the haemo- 
globin, which is transformed into a pigment (melanin, haemozoin) deposited 
in the form of brown or black granules in the cytoplasm of the parasite. 
After a period of growth, which occupies two or three days, it is found that 
the single nucleus, by repeated divisions, has multiplied to form daughter 
nuclei, the number of which varies with the species. The parasite then 
produces a corresponding number of merozoites and a mass of residual 
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Fig. 391 . — ^Life-Ctclb of Human Mal^bial Parasite, Plasmodium falciparum , 
IN Man and the Mosquito (xca. 1 , 000 ). (Original.) 

[For deacription see opposite page* 
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cytoplasm containing the pigment. By rupture of the red blood-corpuscle, 
which has been profoundly changed, the merozoites escape into the plasma. 
The residual body with the pigment is quickly phagocyted by leucocytes, 
but the merozoites attach themselves to other red blood-corpuscles, and 
by active movements similar to those shown by the sporozoites make their 
way into the cells, after which the process of growth and schizogony is 
repeated (Fig. 391, 1 - 7 ). 

It has been maintained by Lawson (1913-1919) that the malarial 
parasites are not actually within the red cells, but on their surfaces, over 
which they move about, a view which was held by Laveran. It is also 
claimed that, during the growing periocl, the parasites may migrate from 
one cell to another. Sinton (1922c) justly points out that the mere 
inspection of the parasites in dried films in which the red cells have been 
flattened cannot decide the point as to whether the parasites are actually 
within or on the surface of the cells, though the marginal form is strongly 
suggestive of the latter view (Plate XII., 1 - 2 , p. 926). He has attempted 
to settle the question by making the plasma hypotonic, so that the red 
cells swell, but do not burst. In the swollen condition he claims that it 
can be directly observed that the parasites, at least in their younger 
stages, are on the surface of the cells, and not within them. The evidence 
in favour of this view is not entirely convincing. If the parasites are 
actually extracellular, it is not easy to understand how the marked 
changes in the red cells, which occur during the growth of the parasites, are 
brought about, n(»r how it is that the red cell is completely destroyed 
when multiplication takes place. The appearance of the gametocytes in 
stained films and their behaviour when in the living condition in fresh blood 
certainly suggest an intracellular rather than an extra cellular habitat. 

By repetitions of the schizogony process the number of organisms in 
the blood increases rapidly, till finally they are sufficiently numerous to 


1-7. Schizogony eyrie in red blood-corpuscles. S. Immature gametocj^. 

9. Female gametocyte in blood of man. 10. Male gametocyte in blood of man. 

11 -IS. Development of male garnet ocyt-e and production of microgametes in stomach of 
mosquito. 

14- 10. Development of female gametocyte and extrusion of polar body in stomach of 

mosquito. 17. Fertilization." 

15- 22. Transformation of zygote into ookinete and its penetration of the intestinal epithelium. 
23-24. Development of oocyst between the epithelium and the elastic membrane. 

25-27. (Irowth of oocyst coincident with multiplication of nuclei and vacuolation of (*ytoplasm. 

28. Vacuoles have run together to reduce the cytoplasm to a coarse net^v*ork, on the 

surface of which sporozoites are commencing* to form as finger-like buds. 

29. The sporozoites are fully formed and remain attached to several masses of cytoplasm 

into which the netw'ork has broken up. Two residual bodies containing nuclear 
material are present. 

30. The detached sporozoites become irregularly distributed in the oocyst, which ruptures, 

liberating the sporozoites into the coelomic cavity. 

31. The sporozoites enter the salivary glands. 

32. Sporozoites injected into man by the mosquito, whence they invade the red blood- 

corpuscles and commence the schizogony cycle. 


II. 


59 
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disturb the health of the individual. As the length of time required for 
the merozoite of any one species of malarial parasite to become a mature 
schizont is fairly uniform, it follows that all the organisms present at any 
one time are approximately at the same stage of development. The result 
is that when schizogony takes place, the vast majority of the organisms 
present are taking part in this process simultaneously, and it is then that 
the characteristic malarial attack occurs, as a result of poisonous substances 
liberated in the blood (Fig. 393). After the merozoites have again entered 
red blood-corpuscles the acute symptoms pass off, and do not recur till 
the next schizogony period is reached. On this account the symptoms 
reveal themselves at uniform intervals corresponding with the breaking 
up of the schizonts into merozoites. It is evident that if this development 
went on unchecked, a point would soon be reached where every available 
red cell of the blood would be used up. A condition of affairs approaching 



Fig. 392 . — Plasmodium vivax ; Penetration op Red Blood-Corpuscle by 
Sporozoite (x 2 , 000 ). (After Sciiaudinn, 1902 .) 

this is seen in certain types of pernicious malaria, but, as a rule, the process 
is checked in some way, possibly through the production of antibodies 
in the blood, for the steady and uniform increase in parasites, which might 
be expected, does not take place. 

To return to the life-cycle. After several generations of merozoites 
have been produced, certain of these, instead of growing into schizonts, 
develop into gametocytes (Fig. 391, 8-io). When mature, they are of 
about the same size as the fully-grown schizont, but contain more numerous 
granules of pigment, and have only a single nucleus. Two types can be 
recognized. The female-, or macro-gametocyte, has a dense and deeply- 
staining cytoplasm and a small compact nucleus. The male-, or micro- 
gametocyte, has a less dense and faintly staining cytoplasm, and a rela- 
tively large and diffuse nucleus. These gametocytes remain within the 
membrane of the red blood-corpuscles till they are taken up by the 
mosquito. If this does not occur, they eventually degenerate and die. 
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It has claimed by Grassi (1900), Schaudinn (1902a), and some 
other observers, that the female gametocyte may, under certain circum- 
stances, undergo a nuclear change, which converts it into a schizont 
capable of producing mej^ozoites. This process, supposed to be one of 
parthenogenesis, was offered as an explanation of the relapses which 
frequently occur in malaria. It is well known that persons who have 
suffered from malaria, and who have been free from symptoms for long 
periods, may suddenly have attacks ot malaria associated with the re- 



PiG. 393. — Chart or Temperature in Malaria, showing Relation to Growth 
AND Schizogony of the Parasite. (Original.) 

The temperature (A)fall8toBubnormalwhen the merozoites have entered the red blood-corpuscles; 
B gradually rises to nornml as the parasite grows; and C suddenly rises to produce fever 
when schizogony occurs and the merozoites and toxins are liberated into the plasma. The 
interval A to A, B to B, or C to C is forty-eight hours for P. rimjr, seventy-tw^o hours for 
P. mcdarioi, and forty-eight hours for P, faiciparum ; the interval C to A varies from six to 
twelve hours. 

appearance of parasites in the blood, quite apart from the possibility of any 
reinfection by mosquitoes. Whatever may be the explanation of these 
relapses, they are unquestionably due to the presence of parasites, which, 
for some reason or another, have not been reproducing with their usual 
rapidity, probably owing to some controlling resistance on the part of the 
host. When this is relaxed, or, as it is usually expressed, when the vitality 
of the individual is lowered, the parasites commence reproducing in a more 
active manner. It does not appear that the supposed parthenogenesis 
of the female gametocyte explains the relapse any more clearly than the 
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more probable supposition that the usual asexual reproduction has been 
continued, but to such a slight extent that it produces no noticeable 
symptoms and escapes detection. Undoubtedly, many of the forms 
supposed to illustrate the parthenogenetic development of the female 
gametocyte can be explained as double infections of the cell (see p. 932). 
Miihlens, Weygandt and Kirschbaum (1920) inoculated the blood of a man 
which contained a large number of gamefcocytes of P. falciparum, but 



Fig. 394. — Anopheles maculipennis ( $ ), the Chief Thai, smitter of Human 
Malaria in Europe ( x 6). (From Byam and Archibald’s Practice of 
Medicine in the Tropics.) 

apparently no ring forms, into another individual. No \..fection resulted, 
though in other cases where ring forms were injected typical infectiofts 
occurred. Lawson (1911) claims that the sexual cycle, which normally 
takes place only in the mosquito, may occasionally occur in the blood of 
man. The evidence put forward in support of this contention is far from 
convincing. It is logical, therefore, to accept the view that the gameto- 
cytes will ultimately degenerate unless they are taken up by the 
mosquito. 




PLATE VII. 

8tao£S in the Development op Plasmodvum faMparum in Anophsune 
Mosquitoes. { x 2,000). 

1 -2* Fomation of miorogametes : * ' flagellating body. ' * 

3*4. Fertilization of macrcMamete by microgamete. 

6-7. Ookinetes in smear of stomach contents twelve and a half hours a fter feeding on case 
showing crescents in the blood. 

8. Encysted zygote on stomach ; pigment granules are adjacent to the nucleus, which has a 
large central karyosome. 

i>. First nuclear division in the zygote , the karyosome is dumb-bell-shaped. 

10. Surface section of a later stage in development of oocyst; the reticular character of the 
cytoplasm and one dividing nucleus are seen. 

11-14. Sections through oocysts during stage of growth and nuclear multiplication ; the cytoplasm 
becomes more reticulated, while the nuclei, some of which show dividing karyosomes, 
become increasingly small. 

[1-0. Dry films stained with Leishman stain; 7*13, sections of mosquito's stomach fixed in 
Schaudinn's fluid and stained with Mayer's acid haunalum (7-11) or iron hsematoxylin 
andeosin (12-13)]. 
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PLATE VIII. 

DsvEJiiOPMSNT OF P2amoditm/a2of|Min0» and P. vivax in Anophbijne Mosquitoes. 

(4, X 1,760; Others, x 1,000). 

1. Seotion of odoyst of P. /ofeifKifttm, gliowing sporozoitw o<»iiiiie&ciog to form m oaigrowths 

from oytcmlasmio retiouliiau 

2. Section of o<>D^t of P. fakipofum with mature dporozoites still attached to masaes of cytoplasm 

into which m reticnlitm la breaking op. 

3 . Section of mature oScyat of P. vivax ooncaining sporozoites and two residual bodies. 

4. Sporozoites of P. falelparum from salivary gland ; each nucleus has a oentral kary osome. 

5. Portion of section of stomach of mosquito which had fed twice with one week's interval on a 

case harbouring P. vivax ; one laige mature oocyst filled with sporozoites and residual bodies 
and two immature oocysts with irregular nuclei. 

(Fixed in Schandinn's fiuid and stained with Mayer's acid hmalnm. ) 

(Obioikal.) 
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PLATE IX. 

Dstuo^iarKT OF Plammdimi^faMpmm m Anofhelinb Mo9<iuitoes : Sporozoites 
IN Sections of Sauvaet Glands. ( x 1,000). 

1. TrauftYene section of lateral and central lobei of salivary gland. In upror lobe the secretion 
is within the cells and the duct is ESiidl, while in the lower lobe the dnot is much dilated 
by the secretionin which the snofoadl^are embedded. 

2 and 3. Longitudinal sectkMis of lateml lobes of salivary gland, showing sporosoites in the 
cells an^mnen of the duct. 

(Pixed in Schandinn^s Snid and stained with Mayer's acid hamalum. ) 

(OBtaiKAL.) 
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Cycle in the Mosquito. — The gametocytes formed in the blood continue 
their development in mosquitoes. The earliest stages of development 
xip to fertilization and the formation of ookinetes may occur in the 
stomach of any mosquito, as, indeed, in that of any blood-sucking insect, 
and on a microscope slide, but the further development of the ookinete 
will not take place in any but anopheline mosquitoes (Figs. 394, 395) 
in the case of human malarial parasites, and culicine mosquitoes in the 
case of those of bird malaria (Figs. 39b, 397). When the mosquito feeds, 
it ingests not only gametocytes, but various asexual forms also. The 
latter degenerate and disappear with digestion of the blood, while the 
gametocytes alone develop further. By movements of contraction and 
expansion on the part of the gametocytes the membrane of the red blood- 
corpuscles is ruptured, and they escape. During this process the pigment 
granules in the male garnetocyte are in a state of violent commotion. 
[Is nucleus breaks up into a number of separate chromatin particles, and 
there are formed from its surface long thin processes of the cytoplasm, 
into each of which a chromatin 
particle enters (Fig. 391, ii"i3). 

In this manner the microga meto- 
cyte may liave attached to it 
from four to eight flagellum-like 
structures, which lash about 
continuously. This jdienomeiion 
gave rise to the term “ tlagellat- 
ing body.*’ The flagellum-like 
stiMictures are in reality the 
microgametes. At varying intervals they break loose from the micro- 
garnet ocyte, the remnant of which constitutes a residual body, in which 
tlH‘ pigment grains remain. It takes no further part in the life-cycle, 
and (lisint<‘grates. The liberated microgametes are actively motile, and 
by lashing movements swim about amongst the red blood-corpuscles 
in the mosquito's stomach. Meanwhile, tlie female garnetocyte has 
betui undergoing change. After escape from the red blood-cell it is 
spherical, but it does not show the active movements of the male gameto- 
cyte, while its pigment is stationary or only slightly motile. Frequently 
one or sometimes two minute bodies appear on its surface, and these are 
presumed to be derived from the nucleus, and to represent a maturation 
process comparable with the formation of polar bodies (Fig. 391, 14-16). 
The details of their formation have not been satisfactorily studied, and 
further investigations of the nuclear changes associated with fertilization 
are required. However this may be, the nucleus of the female gamete, 
as it now is, moves towards the surface, where a slight elevation of 



Fig. 395. -- AnopMes mnculipennis ( ^ ), 
SHOWING ( Characteristic Attitude when 
Resting on a Surface ( x 5). (Original. ) 
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the cytoplasm occurs. Should a microgamete be in the vicinity, it enters 
the summit of this elevation, and its nucleus ultimately unites with that 
of the female gamete (Fig. 391, 17). The whole of this process takes place 
very rapidly, and may be studied in an ordinary wet blood-preparation 
between a slide and cover-glass. The formation of male gametes may 
be completed within a few minutes of making the preparation, and 
fertilization will then be taking place. The zygote thus formed is for a 
time a motionless sphere. Soon it commences to elongate till, finally, a 
vermicular form, which is motile, is assumed (Fig. 391, 18-20). 



Fig. 396 . — Gulex fatiqans ( ? ), the Common Transmitter of Bird Malaria in 
India ( x 6). (Prom Byam and Archibald’s Practice of Medicine in Tropics.) 

The exact process by which the microgametes arise at flagellation has 
been variously described (Plate VII., 1-2, p. 916). The nucleus of the male 
breaks up into separate chromatin masses, the nuclear membrane disappear- 
ing. Some have supposed that the microgametes arise within vacuoles which 
are formed in the cytoplasm, and that, by rupture of these, the microgametes 
appear as flagella attached to the surface of the cytoplasm, where they lash 
about till they break loose. Another explanation is that finger-like processes 
Are rapidly formed at the surface, and that they become detached when 
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they have attained the required length. The most recent investigations 
are those of Brug (1916) on the formation of microgametes in P. prcecox 
of bird malaria. He describes the formation of microgametes as taking 
place in the following manner. The cytoplasm at the margin of the male 
gametocyte, together with the nuclear material, spreads out into an ex- 
ceedingly thin film. Spaces appear in the film, and reduce it to a series 
of narrow arches of cytoplasm containing nuclear material. The arches 
are attached to the body of the male gametocyte, or form anastomoses 
with one another. One end of each arch becomes detached, so that a 
series of filaments, attached to the main cytoplasmic mass at one end, 
is produced. If ordinary stained films of blood containing flagellating 
microgametocytes are made, appearances which seem to support this view 
may be encountered (Plate VII., 2 , p. 916). The microgametes are often 
seen as a series of loops attached to the main mass of cytoplasm at both 
ends. Whatever may be the correct interpretation, the whole process 
takes place very rapidly, and is 
completed in a few minutes. 

The significance of the flagellat- 
ing bodies was long obscure, but 
MacCallum (1897), in the case of 
Ilannoprotviis of birds and Plas- 
modium falciparum, followed the 
(levelopmtMit up to the formation 
of tlie ookinete, and conclusively 
demonstrated the function of the 
flagella. He actually observed 
the process of fertilization, and proved that they were microgametes. 
These observations have been repeated by other observers, including 
Schainlinn (19()2a). According to this observer, the female gameto- 
cyte of P, vivax, ten to twenty minutes after entering the mosquito's 
stomach, undergoes maturation. The nucleus moves to the surface, 
and a small portion is separated as a bud with a little cytoplasm 
around it. Often two such bodies ajipear, but this is supposed to residt 
from the breaking u]) of the single one at the time of its separation. 
Aftt*r this, the nmdeiis retreats a short distance from the surface. The 
female gametocyte has now become the female gamete. Its fertilization 
takes place twenty minutes to two hours after the parasites have first 
been taken up by the mosquito (Plate VII., 3-4, p. 916). The nucleus 
of the male gamete, after its penetration, does not, however, fuse with 
that of the female for some time. The rounded body containing the two 
nuclei and the pigment granules, after a period of ten to twenty minutes* 
rest, puts out a clear cytoplasmic process or pseudopodium, which increases 



Fig. 397 . — ("iilex fatigans ( 9 ), showing 
Fiiakacteristic Attitude when Eest- 

ING ON A SURIACE ( X 5). (ORIGINAL ) 
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in size till an elongated verniicule is produced (Plate VII., 5-7; p. 916). 
At the last moment of this process the vermicule or ookinete glides away 
from a gelatinous substance, to which are attached any male gametes 
which may have been adherent to the zygote, and also, not infrequently, 
some of the pigment granules. According to Schaudinn, a gelatinous 
substance is secreted on the surface immediately after entry of one micro- 
gamete, and serves to protect the female gamete from further interference. 
The ookinete, which measures from 18 to 24 microns in length by 3 to 
5 microns in breadth, glides about amongst the intestinal contents. In 
the front region of its body is a vacuole behind which is the male nucleus, 
and further back still is the female nucleus. In the hinder region are the 
pigment granules. The male and female nuclei approach one another, 
and fusion occurs some hours after the first entry of the male gamete. 
The ookinete appears also to have increased somewhat in size. 
During its movements, the pigment granules, at first confined to the 
posterior regions of the body, may become distributed throughout the 
cytoplasm. 

By movements of contraction, bending, and gliding the zygote or 
ookinete makes its way through' the stomach contents towards the gut 
epithelium. It has an anteirior and posterior end, a central nucleus, and 
the pigment granules of the female gametocyte in the post-nuclear region. 
Having reached the surface of the intestinal e})ithelium, it forces its way 
into a cell, through which it passes into the space between the epithelium 
and the elastic membrane which covers the body cavity or haemocd'le 
surface of the stomach (Fig. 391, 21-23). Between this membrane and 
the cells the ookinete comes to rest, and contracts to a small spherical 
body with a diameter less than that of a red blood-corpuscle. The pig- 
ment granules of the female gamete are still present in the cytoplasm. 
This migration mostly occurs during the second twenty-four hours after 
the feed of the mosquito. The earliest encysted zygotes may be slightly 
larger than the original macrogamete. The cytoplasm is homogeneous, 
and the nucleus is in a central position and consists of a nuclear membrane 
with a central karyosome (Plate VII., 8. p. 916). The zygote is soon 
found to be enclosed by a cyst, part of which, at least, appears to be derived 
from the elastic membrane (Fig. 391, 24). If, as appears probable, the 
elastic membrane is secreted by the cells in contact with which it lies, 
after it has been raised up by the parasite the cells may still continue 
secreting the membrane, so that a new^ portion will appear between the 
parasite and the cells. In this manner the zygote will become enclosed 
in a cyst composed of the elastic membrane. It seems probable that the 
cyst wall is formed partly in this way, and partly by the parasite itself 
secreting its own contribution to the cyst wall (Plate VII., 8, p. 916). 
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The zygote increases in size, the rate of growth depending on the 
temperature, till it has a diameter of e50 to 60 microns, the cyst wall 
stretching to accommodate it (Fig. 391, 24-27). That the cyst wall does 
not become appreciably thinner seems to indicate that the parasite is 
constantly adding to it. As growth of the zygote takes place, two 
changes occur. First, the nucleus multiplies by repeated divisions till an 
enormous number of minute nuclei is present. Secondly, the cytoplasm 
develops vacuoles, which gradually increase in number ; they communicate 
with one another and with the space between the surface of the parasite 
and the cyst wall, till the whole of the cytoplasm is reduced to a sponge- 
work of numerous anastomosing septa (Fig. 391, 27-28, and Plate VII., 
8-14, p. 916). This change brings about a great increase in the surface 
area of the cytoplasm, which is utilized by the nuclei in their subsequent 
development. The extent of vacuolation of the cytoplasm varies con- 
siderably. Sometimes very little takes place, and the sporozoites are 
formed only from the outer surface, and grow into the space between the 
cyst wall and the body of the parasite. Another modification sometimes 
seen is the presence of a single large central vacuole, from the surface of 
which sporozoites may or may not be formed. Usually, however, sporo- 
zoites are formed all over the cytoplasmic surfaces which have resulted 
from the vacuole formation. A section of an oocyst at this stage will 
resemble a section of sponge. There will be areas of cytoplasm, which 
may or may not be connected with others. 

When vacuolation is complete, the minute nuclei arrange themselves 
over the surfaces of the cytoplasm, and opposite each there soon forms 
a finger-like elevation which increases in length at the expense of the cyto- 
plasm. Into each finger-like process a nucleus passes. In this way there 
are formed a number of narrow elongate sporozoites (Plate VIII., 1-2, 
p. 916). During the growth of the sporozoites the cytoplasm may break 
u]) into irregular masses to which the sporozoites are attached (Fig. 391, 
28-29). It is important to note that these irregular masses are not sporo- 
blasts, though they are often described under this name. When separate 
masses occur, they have been formed as described above, and are more the 
results of a(*cident than of a definite process of development. They do not 
correspond in any way with the definite sporoblasts of coccidia, which are 
typically produced in uniform number within the oocysts, and all of which 
subsequently develop in the same manner. The sporozoites, which are about 
15 microns in length, eventually break away from their attachments and form 
a tangled mass within the oocyst, which also contains one or more residual 
cytoplasmic bodies (Fig. 391, 30). In the latter the pigment grains may 
be detected, as well as one or more chromatin masses, apparently repre- 
senting nuclei which have ceased to divide during nuclear multiplication. 
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in size till an elongated vermicule is produced (Plate VII., 5 - 7 ; p. 916). 
At tlie last moment of this process the vermicule or ookinete glides away 
from a gelatinous substance, to which are attached any male gametes 
which may have been adherent to the zygote, and also, not infrequently, 
some of the pigment granules. According to Schaudinn, a gelatinous 
substance is secreted on the surface immediately after entry of one micro- 
gamete, and serves to protect the female gamete from further interference. 
The ookinete, which measures from 18 to 24 microns in length by 3 to 
5 microns in breadth, glides about amongst the intestinal contents. In 
the front region of its body is a vacuole behind which is the male nucleus, 
and further back still is the female nucleus. In the hinder region are the 
pigment granules. The male and female nuclei approach one another, 
and fusion occurs some hours after the first entry of the male gamete. 
The ookinete appears also to have increased somewhat in size. 
During its movements, the pigment granules, at first confined to the 
posterior regions of the body, may become distributed throiigliout the 
cytoplasm. 

By movements of contraction, bending, and gliding the zygote or 
ookinete makes its way through tin' stomach contents towards the gut 
epithelium. It has an anterior and posterior end, a central nucleus, and 
the pigment granules of the female gametocyte in the post-nuclear region. 
Having reached the surface of the intestinal epithelium, it forces its way 
into a cell, through which it passes into the space between the epithelium 
and the elastic membrane which covers the body cavity or lia'nux'd'le 
surface of the stomach (Fig. 391, 21 - 23 ). Between this membrane and 
the cells the ookinete comes to rest, and t'ontracts to a small spherical 
body with a diameter less than that of a red blood-corpuscle. The pig- 
ment granules of the female gamete are still present in the cytoplasm. 
This migration mostly occurs during the second twenty-four hours after 
the feed of the mosquito. The earliest encysted zygotes may be slightly 
larger than the original macrogamete. The cytoplasm is homogeneous, 
and the nucleus is in a central position and consists of a nuclear membrane 
with a central karyosorne (Plate VII., 8 . p. 916). The zygote is soon 
found to be enclosed by a cyst, part of which, at least, appears to be derived 
from the elastic membrane (Fig. 391, 24 ). If, as appears probable, the 
elastic membrane is secreted by the cells in contact with which it lies, 
after it has been raised up by the parasite the cells may still continue 
secreting the membrane, so that a new portion will appear between the 
parasite and the cells. In this manner the zygote wdll become enclosed 
in a cyst composed of the elastic membrane. It seems probable that the 
cyst wall is formed partly in this way, and partly by the parasite itself 
secreting its own contribution to the cyst wall (Plate VIL, 8 ^ p. 916). 
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The zygote increases in size, the rate of growth depending on the 
temperature, till it has a diameter of 50 to 60 microns, the cyst wall 
stretching to accommodate it (Fig. 391, 24-27). That the cyst wall does 
not become appreciably thinner seems to indicate that the parasite is 
constantly adding to it. As growth of the zygote takes place, two 
changes occur. First, the nucleus multiplies by repeated divisions till an 
enormous number of minute nuclei is present. Secondly, the cytoplasm 
<levelops vacuoles, which gradually increase in number; they communicate 
with one another and with the space between the surface of the parasite 
and the cyst wall, till the whole of the cytoj)lasm is reduced to a sponge- 
work of numerous anastomosing septa (Fig. 391, 27-28, and Plate VII., 
8-14, p. 916). This change brings about a great increase in the surface 
area of the cytoplasm, which is utilized by the nuclei in their subsequent 
develo])ment. The extent of vacuolation of the cytoplasm varies con- 
siderably. Sometimes very little takes place, and the sporozoites are 
formed only from the outer surface, and grow into the space between the 
cyst wall and the body of the parasite. Another modification sometimes 
seen is the presence of a single large central vacuole, from the surface of 
which sporozoites may or may not be formed. Usually, however, sporo- 
zoites are formed all over the cvtopla.smic surfaces which have resulted 
from the vacuole formation. A section of an oocyst at this stage will 
resemble a section of sponge. There will be areas of evtojdasm, which 
may or may not be connected with others. 

When vacuolation is complete, the minute nuclei arrange themselves 
ovt‘r tlie surfaces of the cytoplasm, and opposite each there soon forms 
a tinger-like elevation which increases in length at the expense of the cyto- 
plasm. Into each finger-like process a nucleus passes. In this way there 
ar<‘ formed a number of narrow elongate sporozoites (Plate VIII., 1-2, 
p. 916). During the growth of the sporozoites the cytoplasm may break 
up into irregular masses to which the sporozoites are attached (Fig. 391, 
28-29). If important to note that these irregular masses are not s])oro- 
blasts, though tliey are often described under this name. When separate 
masses occur, they have been formed as described above, and are more the 
results of accident than of a definite process of develo})ment. They do not 
correspond in any way with the delinite sporoblasts of coccidia, which are 
typically produced in uniform number within the oocysts, and all of which 
subsequently develop in the same manner. The sporozoites, which are about 
15 microns in length, eventually break away from their attachments and form 
a tangled mass within the oocyst, which also contains one or more residual 
cytoplasmic bodies (Fig. 391, 30). In the latter the pigment grains may 
be detected, as well as one or more chromatin masses, apparently repre- 
senting nuclei which have ceased to divide during nuclear multiplication. 
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The number of oocysts present on the stomach of any single mosquito 
varies with the number of gametocytes which were present in the blood 
on w'hich it fed. Sometimes only one or two oocysts occur. Very 
commonly ten to twenty are found, while not infrequently there may be 
thirty or forty, and exceptionally much larger numbers. In the case of 
P. vivax, the very heavy infections sometimes seen in P. falciparum do 
not occur, for in the case of the latter the gametocytes are often very much 
more numeTous in the blood than they ever are in the case of P. vivax 
(Fig. 403). The cysts, which develop from parasites ingested at one feed. 



Fig. 398. — Sporozoites of Plasmodium vivax in Body of Anopheles maculipcnnis 
( X 1,500). (After Muhlens, 1921.) 

A. Between the fibres of a muscle. B In a i)alp 


are all at approximately the same stage of develo}>ment at one time. If, 
however, the mosquito feeds repeatedly, then cysts of various stages of 
development will be present (Plate VIII., 5, p. 916). 

The oocyst, which is now mature, bursts and liberates the sporozoites 
into the body cavity or haBmocoele. They are pointed at each end, and have 
a central nucleus, which consists of a slightly elongated nuclear membrane 
and a central karyosome (Plate VIII., 4, p. 916). They are motile, and 
are able to progress by gliding movements, as well as by flexion and by 
waves of peristaltic constrictions which pass along the body. They 
wander through the body of the mosquito, and may be found in any organ. 
Mayer (1920), working with P. prcecox of birds, and Muhlens (1921) 
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with P. vivax of man, have shown that the sporozoites may give rise to a 
veritable septicaemia in which masses of sporozoites occur in the aorta, 
between the muscle fibres, within the palps and scutellum, and in other 
situations (Fig. 398). Though the term septicaemia is employed, it does 
not mean that the sporozoites give rise to an infection which is fatal to 
the mosquito. Some of them, perhaps the majority, come in contact with 
the salivary glands which occur at the anterior ])art of the body cavity 
(Fig. 391, 31). They penetrate the cells of the glands, and may be found 
in enormous numbers embedded in the cytoplasm (Plates IX. to XL, 
p. 91G). As the saliva is secreted into the salivary duct, sporozoites 
})ass with it, and are finally injected into the skin by the mosquito at the 
moment of biting. They enter the red blood-corpuscles and recommence 


•A i,?! 

* 3 

P'lo. 300. Oocysts or Malaiiial Pakasite and the “Black Spores” ix 
Anopheles macnlipennis after feedixo os Malarial ('ases ( x 1,000). 
(1 AXI> 2, FROM PREPARVTDNS MADE BY I’OLOXKL JaMES; 3, FROM MoSQUITO 
INFECTED BY THE WhITEK IX MACEDONIA.) (ORIGINAL.) 

1. Intact cyst containing spores (P. infection). 

2. IsolaU'd spores of smaller size from another mosquito (P. rtatr infection). 

3. Isolated .spores from another mo.sqiiito (P. fakipnrum infection). 

the asexual <*ycle (Fig. 391, 32). As the sporozt>ites themselves cannot 
reproduce any further in the mosquito, it follows that a time will arrive 
when all tlie sporozoites will have been removed. 

Black Spores. In his experimental work on the develojiment of 
P. prcvvos in Cnlvx in India, Ross noted that occasionally peculiar 
brown or black cysts a])j)eared on the stomach of the mos(|uitoes in the 
place of the normal ones. The colour of these was iliie to certain dark 
bodies within the cysts. The same cysts were afterwards seen by Grassi 
during his work on the development of the human malarial parasites in 
anopheles (Fig. 399). He noted that the bodies within the cysts were 
either sausage-shaped, rounded, oval, or irregularly lobed. Each was 
composed of minute brown granules embedded in a clear substance which 
was not enclosed by any membrane. Various suggestions have been 
made as to the nature of these black spores. That they are spores of a 
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microsporidian cannot be entertained, as they do not bear any resemblance 
to these. They are probably the result of death and degeneration of the 
oocyst contents at various stages of its development. It is possible that 
chitinous material is deposited in them by the mosquito. 

The life-cycle just described applies to the parasite of bird malaria, 
which develops in species of Culex, and to those of human malaria, which 
develop in species of Anopheles, As noted above, Hcemoproteus colnmhw 
of the pigeon has a similar developmental cycle in the hippoboscid fly, 
Lynchia maura, A number of other species of Plasmodium are known. 
They have been studied only in the blood of the vertebrate, and in no 
case has the transmitting host been discovered. 

SYSTEMATIC DESCRIPTION OF SPECIES OF PLASMODIUM. 

The family Plasmodiida? contains the single genus Plasmodium 
Marchiafava and Celli, 1885. Schizogony takes place within the red 
blood-corpuscles of the vertebrate host, while during growth of the parasite 
a pigment (haemozoin) is formed from the haemoglobin of the cell. The 
gametocytes, which also occur in the red blood-corpuscles and contain 
pigment, undergo their further development (sporogony) in mosquitoes. 
Microgametes are produced by an active process of flagellation, while the 
zygote becomes a motile ookinete before encystment in the oocyst. The 
latter increases enormously in size before sporozoites are formed. There 
is no formation of sporoblasts or sporocysts. 

PLASMODIA OF MAN. 

Human beings are liable to infection with three well-established species 
of malarial parasite (Plates XII and XIII., pp. 926, 934). They all belong 
to the genus Plasinodium, in spite of the fact that some observers have 
maintained that the parasite of malignant tertian malaria, the gametocytes 
of which are crescent-shaped, should be placed in a separate genus, 
Laverania, The life-cycles of the three forms (P. vivax, P. malaria^ and 
P. falciparum) resemble one another very closely. Other species have 
been described, but there is no evidence to indicate that the forms on 
which they were based are not merely abnormal individuals of the well- 
known types. 

The disease produced by these parasites is characterized by atta(!ks 
of fever, which commence at the moment the merozoites resulting from 
schizogony escape from the red blood-corpuscles into the plasma. When the 
merozoites have again entered other corpuscles, the fever subsides, only to 
recur when schizogony is repeated (Fig, 393). It is probable that the 
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fever is actually caused by toxic substances which escape from the ruptured 
corpuscles, and that the gradual enlargement of the spleen, which is a 
constant feature of chronic malaria, is due to the continued irritation by the 
same toxins. The repeated destruction of red blood-corpuscles induces a 
profound anamiia, which is associated with an increase of the large mono- 
nuclear cells in the blood, while special symptoms referable to the accu- 
mulation of parasites in the vessels of particular organs may supervene. 

Plasmodium vivax (Grassi and Feletti, 1890). — This organism causes 
the disease of man known as benign tertian malaria (Plate XII., p. 926). 
It is called benign because it is rarely fatal, and tertian because the attacks 
occur every third day, the parasite requiring forty-eight hours to complete 
its asexual cycle and reproduce by schizogony. The parasite was first 
recognized as a distinct species and separated from the one producing 
quartan fever as a result of tlie researches of Golgi (1886). 

The Cycle in Man. — The infection is commenced by the entry of a 
sporozoite into a red blood-corpuscle, a process which has been seldom 
observed. Schaudinn studied the behaviour of sporozoites by injecting 
them into a small cutaneous hsematoma and abstracting blood from it by 
m(‘ans of a })ij)ette. He noted that the sporozoite approached the red 
blood-corj)Uscle end on, indtuited it at the point of contact, and by active 
movements gradually forced its way into the stroma (Fig. 392). At first 
slightly elongate, it soon retracted to form a disc of cytoplasm with a 
more or less circular outline. The merozoites subsequently formed at 
schizogony are comparatively short and thick, while the sporozoites are 
long and slender. The merozoites enter the red cells in much the same way 
as do the s})(»rozoites. As Schau linn points out. the mode of entry 
of the sporozoitt\s and merozoites into the red blood-corpuscles gives no 
sup{)ort to th<* view, noted abo\e, that the malarial }/arasites are 
actually parasitic on the surface of the cells. In either case, the resulting 
organism in the cell has the form of a disc of cytoplasm with a single 
nucleus. Very s(»on a vacuole appears, causing the tiny nucleus of the 
parasite to be pushed to one side. It then has the appearance of a ring, 
and is know!i as the signet ring form. It has a diameter of about one- 
third of that of the red blood-corpuscle (Plate XII.. 3-5, p. 926). In 
blood-films of heavy infections, in addition to the ring forms young forms 
may be seen at the edge of the reel cells (marginal forms). They appear 
either as little streaks of blue cytoplasm with a red nucleus (flattened 
marginal forms), or if the vacuole has developed, the red cell is slightly 
indented at this point, and the cytoplasm not only lines the margin of the 
concave indentation, but forms an arch from one end of the indentation 
to the other, with the chromatin dot at some point of the arch (Plate XII., 
1-2, p. 926). These forms are actually disc-shaped and have a large 
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central vacuole, but on account of their arched appearance are called 
bridge forms. It must be remembered that the ring form is that of the 
resting condition, for if the organism be observed on the warm stage, it 
will be seen constantly to change its shape, throw out pseudopodia, and 
exhibit amoeboid movements. The amoeboid activity is very charac- 
teristic of all the stages of growth of the schizont, and gives rise to the 
name P. vivax. In the ordinary method of making dry blood-films, all 
the pseudopodia, especially of the youngest forms, are withdrawn, so that 
the youngest parasites are most usually seen in stained films as the typical 
ring forms. Occasionally, however, very irregularly shaped anittjboid 
forms of the youngest stages are seen in stained films. By absorption of 
nutriment, which is rendered the more easy because of the increased 
surface resulting from the formation of the large vacuole, the parasite 
increases in size, and after about five or six hours’ growth it either has a 
more irregular shape (ama^boid form), or the ring form (large ring form) 
is still maintained, and one or two retractile granules of yellow or light 
brown pigment will have been deposited in the cytoplasm (Plate XII., 
6-io). The vacuole is also larger, but has not increased to the same 
extent as the cytoplasm. At tins stage, three changes will be seen 
to have taken place in the red blood-corpuscle. It has increased in 
diameter, has become slightly paler, and has developed on its surface a 
number of fine granules, which stain red by Romanowsky stain. These 
granules are known as Schuffner’s dots. They may not be visible in 
poorly stained films, and it is important to remember this point in forming 
opinions as to their presence or absence. These three changes in the infected 
red blood-corpuscles, which become more marked with continued growth 
of the parasite, are characteristic of P, vivax, as compared with the other 
malarial parasites of man, and are of great irnj^ortance from a diagnostic 
standpoint. As growth continues, the parasite becomes more irregular 
in shape owing to the formation of long thin j)seudopodia, which extend 
through the stroma of the cell in various directions and form anastomoses 
with one another. The parasites maintain their irregular shape in ordinary 
dried films, probably because they are too large to completely withdraw 
their pseudopodia, as the smaller forms usually do. In films that have 
dried slowly the shape is more compact. The parasite continues to 
increase in size for about thirty-six hours, after which period it has the 
form of a coarse irregular meshwork, which may assume any conceivable 
shape. Numerous yellowish-brown pigment grains are scattered through 
the cytoplasm. The nucleus, which in the younger stages was composed 
of a fine membrane enclosing a relatively large karyosome in the form of 
a compact mass of chromatin staining material, has now increased in 
size, and possesses several granules distributed through the space enclosed 





PLATE XII. 


Pliismcdim % vimx , the Parasite of Benign Tertian Malaria of Man, as seen 
nr Dbibe Bloor-Films stained with Roranowsky Stain. ( x 2,000). 

1. young fonn. 

2. Avckedj^ogfonii. 

3’S. Young ring rorniB. 

0-11. Growwofsoliisont — enUrgement of red cell, formation of Schufiner's dote, and develop- 
ment of pigment in oytonlasm of parasite. 

12-18. Nuclear multiplication and schixogony. 

10. Double infection with schizont and gametocyte. 

20. Double infection with two gametocytes. 

21-26. Growth of gametocyte. 

26. Pbmale gametocyte (maorogametooyte). 

27. Male gametocyte (microgametocyte). 

28-29. young ling forma with fused cytoplasm C' tenue phase 'ofCSialmerB 

30. Cell containing a nearly mature gametocyte and young form. 

31-35. Unusual type— -absence of Schiiffner's dote and little or no enlargement of red cell. 

(Original.) 
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by the menibrane. Tlu* cytoplasm of the ])arasites extends througli tlie 
now distinctly (ndarged red cell, which in properly stained films is seen to 
b(‘ dotted ov(‘r with nuimn’ous Schuffner’s dots. After thirty-six hours 
growth proc(‘(*ds more slowly, and nuclear changes })reparatory to nuclear 
division, which was studied in detail by Schaudinn (1902r/), occur. The 
<*liromatin granules b(*come smaller, and tlie parasite itself assumes a 
more* comjiact form, with nieridy an irregularity in its outline. Nuclear 
division, as s(*(‘n in jirojau'ly fixed films, is initiated by the fine chromatin 
granules of the nucleus collecting as a band or equatorial })late across 
the diamet(*r of tin* nucleus (Fig. 4(M)). This ])late then divide*'^ into 
t \N o plates, wliicli siqiarate from one another. Division of the niudear 
membra ii(‘ lollows, and the granules ol each plat(* form the chromatin of 
th(‘ daughter nuclei. Kach da light (*r nucleus then dividt's in a similar 



Tio. 400. I*lnsm(nlinm rinn . Flu'll Xi ri.i. vii I>ivisio\ ix >ciiizo\i by Alunini.o 
Mirosi-^ ( -2,000). (Ai IKK Simividinn, 10ol>.) 

manner, as d(» tin* four resulting nuclei. After this stage, nin lear division 
ju-o(aM‘ds moia* irrcmilarly, and Schaudinn was not abb* to observe the 
equatorial plate lormation anv further. In the subsequent divi^nuis, 
the chromatin granules of each nucleus are divided into two more oi less 
e<jual groups. Nuclear divisions takt* }»lact‘ till typicallv sixtt‘en nuclei 
arc* ])rc*sc‘nt. The number, however, is by no means constant, as the 
numbe*!’ of nuclei varit*s from twelve to twenty-four, the* irregularitv in 
numbc*r bc*ing due* to tlie fact that some of the daughter nuclei cease* 
to divide* (Plate XH., 11 - 15 ). While nuclear multiplication has bet*n 
taking plaeo* the parasite* has be'come larger, till after forty-six hours' 
growth it has the* form of a circular jilate of e*ytoplasm, which almost 
compb*te*ly tills tlu* enlarged red cell. The latter has increased in diameter 
from 7 to about 10 or 1 1 microns, and in stained films is still seen to possess 
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Scliuffner’s dots, which are relatively larger and more numerous than in 
the more recently infected cells. The cell is very pale in colour when 
compared with uninfected cells, while the parasite contains about fifty 
pigment granules, which, as nuclear multiplication reaches completion, 
collect together in one or more aggregations. The chromatin granules of 
each nucleus now form a more compact body, which appears to lie in a 
small vacuole, the limits of which undoubtedly represent a very fine 
nuclear membrane. After this the cytoplasm, by a process which is 
actually one of budding, gradually segments into a number of portions 
around the nuclei, and the merozoites are separated, leaving the pigment 
in one or more masses of residual cytoplasm (Plate XII., 16-17, p. 926). 
The merozoites remain for some time in the red cell, which has been 
reduced to little more than a membrane. The latter bursts, and the 
merozoites are scattered into the plasma, when they quickly attack other 
cells, enter them, and repeat the process of growth as just described 
(Plate XII., 18, p. 926). 

The pigment which is liberated when the corpuscle ruptures is taken 
up by various leucocytes, but especially by the large endothelial cells of 
the capillaries, the majority of which are i)i situ, but some of wliicli liave 
become detached and are circulating in the blood as large mononuclear 
leucocytes. It is a feature of malarial attacks that the number of these 
cells free in the blood is increased. Pigment granules may sometimes ^ 
be found in these circulating cells (pigmented leucocytes) when actual 
parasites cannot be found in the red cells. 

Though the majority of the parasites attain maturity at about the 
same time, this is not true of all. Some attain maturity before and others 
after this period, the resulting merozoites again attaining maturity earlier 
or later than the majority. It comes about, therefore, that schizogony may 
actually occur at any period. The minimum amount of schizogony will 
be taking place when the majority of schizont« are half grown (twenty- 
four hours), and the nearer the critical period i approached (forty-eight 
hours), the greater will be the amount of schizogony actually occurring. 
In any case, the vast majority of parasites att dn maturity at or near the 
critical period of forty-eight hours (Fig. 393). The irregularity just noted 
must be distinguished from that resulting from what are called double 
infections, which are attributed, possibly without sufficient evidence, to 
an individual having been inoculated with sporozoites on two successive 
occasions at a twenty-four hour interval. In such cases there will be 
two distinct batches of parasite present, one always twenty-four hours 
behind the other as regards age. There will then be two critical periods 
at twenty-four hour intervals, the schizonts of one batch attaining 
maturity on one day and those of the other twenty-four hours later. The 
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result is that malarial attacks occur daily instead of on alternate days. 
It is generally recognized that attacks occur most usually in the forenoon, 
and, as presumably the sporozoites are inoculated at night, it is clear that 
the periods of growth must have been either more or less than forty-eight 
hours in order to bring this about. There is evidently some factor which 
favours schizogony at this particular time of day, and it is easy to imagine 
that the parasites might become grouped in two batches, one of which, 
by hastened development, would reproduce twenty-four hours before the 
other. The factor or influence affecting the parasite, if it depends on the 
host, would be expected to repeat itself every twenty-four hours. If 
this be correct, then the appearances of a double infection might be pro- 
duced from a single batch of inoculated sporozoites. Recent work in 
connection with the treatment of general paralysis by inoculating malaria 
is tending to prove that double infections can be produced in this 
manner. 

After a moscjuito has inj(‘cted sporozoites, the initial attack of malaria 
occurs in a])out ten to twelve days. That is to say, it requires about 
five successive' cycles to produce' a sufficient number of parasites to give 
rise' to symptoms. Assuming tliat at each cycle fifteen merozoites are 
prodin*(‘d, and tliat all these develoj) to maturity, by a simple* cale-ulation 
a single spe)re)zoite \Nill be seen te) give* rise, in this case, to over 759,000 
j)arasit es. 

Afte'r schize»gony has bee'ii repe*ated a number e>f times garnet ocytes 
a|)pe*ar in the bleiod. rsuilly they ele) not oe*cur till abe)ut ten to fourteen 
days afte'r the initial attaek. but they have aetually been not eel at the 
time of the tirst attack which oce'urreel. Hastianelli and Bignami (1899) 
were able to infect mosquitoes from a case e)f malaria on the fifth day of 
the* illness, which resulteel from an ex}H*riment with infecteel me>squite)es. 
The gamete)e*ytes are developed freuu mere)Zoites, which grow' in a different 
manner te) those j)re)ducing schizonts. Accoreling to Schauelinn (1902n), 
alter entering a red bloe)el-corpuscle*, tlu'v become re)uneled off as compact 
bodies whiedi de) ne)t devele)p a vacuole, and so do not assume the signet 
nng form. The)ugh the' earliest stages of this elevelopment can be seen 
in the peripheral ble)e)el, for some rt'ason not prope'rly understood the 
growth e)f the mere)ze)ite into the gametoevte takes place almeist entirelv 
in the vessels e)f the spleen or bone marrow, owing to the red blooel- 
corpuscles containing them ceasing to circulate, and becoming held up 
in these organs. Oidy exceptionally are the immature gametocytes seen 
iu the blood-stream (Plate XII., 21 - 25 , p. 920). In consequence of the 
«mall surface area due to the lack of the vacuole, growth proceeds much 
more slowdy than in the case of the sehizont. Furthermore, the active 
amu'boid movements are not seen, the parasite growing steadily as a 

n. 60 
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rounded compact body. On the warm stage, however, slight alterations 
in shape can be seen to take place. The effect on the red blood-corpuscle 
is the same as that produced by growth of the schizont. There is a marked 
increase in size, development of Schiiffner’s dots, and loss of colour. 
The gametocytes attain maturity in about ninety-six hours. They are of 
two kinds, the male and female gametocytes, which may be distinguished 
from one another. The female (Plate XII., 26, p. 926) has a denser 
cytoplasm, which stains deeply blue with Romanowsky stains, owing to 
accumulation of food material, while the male (Plate XII., 27, p. 926) has 
a more hyaline cytoplasm, which stains a very pale blue. The nucleus 
of the female is small, and consists of a nuclear membrane, within which 
is either a single karyosome or a group of granules. The male nucleus, 
on the other hand, is large, its chromatin granules are fine, and irregularly 
distributed within the nuclear membrane. Both the male and female 
gametocytes contain the yellowish-brown pigment granules distributed 
through the cytoplasm, and there is a greater number present than in the 
mature schizonts. As remarked above, when the schizont nears maturity, 
the irregular form characteristic of its earlier stages is not so manifest. 
The organism becomes more nearly circular in outline, and difficulty is 
sometimes experienced in distinguishing the gametocytes, which are 
about the same size and also circular in outline. The gametocytes, 
however, are more regularly circular in outline; they contain a larger 
number of pigment granules, which are more or less uniformly distributed 
through the cytoplasm, and the nucleus is always single, whereas in the 
schizonts of equal size the outline is not so regularly circular, the smaller 
number of pigment granules are already becoming aggregated into one 
or more groups, while the nucleus has already multiplied, [)reparatory 
to schizogony, so that several, at least, are present. In cases of doubt, 
an observation of a fresh blood-preparation under the microscoj^e will 
reveal the presence of gametocytes, for these will develop further, the male 
gametocytes producing microgametes by the characteristic process of 
flagellation, and the females becoming contracted and separated from the 
host cell in readiness for fertilization. 

Types of Parasite in Blood-Films made at Intervals. — In the case of single 
infections where only one generation of parasite is present, the following 
appearance will be noted in blood-films made at different periods of 
the cycle (Fig. 393): At the time of an attack of malaria a blood-film 
will show schizonts nearly mature, schizonts which are mature and in 
actual process of breaking up into merozoites; ruptured red cells dis- 
charging merozoites, and consequently free merozoites in the plasma, 
either in groups or separately; merozoites adherent to the margin of red 
cells and merozoites within the red cells, some of which have no vacuole, 
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and others, a little older, which have developed the vacuole, and con- 
sequently show the typical signet ring form. In addition, mature male 
and female gametocytes are present. Very young gametocytes may 
also occur as solid forms without a vacuole, but these are hardly dis- 
tinguishable from the youngest schizonts, which have not yet developed 
a vacuole. Shortly after an attack all the schizonts will have broken up, 
so that the only forms present will be ring forms and mature gametocytes, 
and possibly some young gametocytes. A very occasional schizont may, 
however, be found. About twenty-four hours after an attack there will 
be present numbers of half-grown irregular schizonts, and again mature 
and possibly some young gametocytes. A very occasional mature 
scliizont may, however, be encountered. The rare occurrence of mature 
schizonts between the attacks has been explained above. It will result, 
therefore, that these rare schizonts will be producing merozoites whenever 
they attain maturity, so that ring forms and partially grown or mature 
schizonts may be found at any time in very small numbers. Twelve hours 
later or thirty-six hours after au attack the schizonts will be still larger, 
and some of them will show indications of nuclear multiplication in the 
presence of two or four chromatin masses. Gametocytes in various stages 
will still be present, as also occasional ring forms or mature schizonts. 
Shortly before the next attack, or about forty to forty-five hours after 
the previous one, fully-grown schizonts with numerous nuclei and 
concentrated pigment will be found. Gametocytes are present as 
before, while occasional asexual forms at any stage of development may 
also be present. 

In the case of double infections at the time of an attack there will be 
present all the forms seen in the single infection, together with a large 
number of half-grown schizonts and mature gametocytes. Twenty- 
four hours later all the half-grown schizonts will have become mature; 
consequently, there will be another attack, and the same forms will be 
present as at the first attack. The mature schizonts and ring forms are, 
however, those which were only half-grown at the first attack, while the 
half-grown forms are those which were ring forms or mature schizonts on 
that occasion. As in the case of single infections, irregularly appearing 
ring forms, partially grown forms, and schizonts may occur in very small 
numbers at any stage of the infection. 

Intensity of Infection. — The number of organisms present in the circulat- 
ing blood at any time varies considerably, and there is evidence that even 
when a large number is present, still larger numbers occur in the vessels of 
the spleen and bone marrow. Just after an attack of fever, when schizogony 
IS complete, practically all the asexual forms are in the ring stage. In 
lieavy infections, a large proportion of the red blood-corpuscles will be 
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parasitized, while some cells contain two or even three or four rings. The 
number of rings present, however, never reaches the enormous number 
sometimes seen in heavy infections with P. falciparvm, in which multiple 
infections of individual cells is quite common, whereas it is the exception 
in the case of P. vivax. There is no relationship between the number of 
gametocytes which may be present and the other forms. Sometimes 
large numbers of the asexual forms are present, and very few gametocytes 
can be found. At others the gametocytes are comparatively numerous, 
while the asexual forms are few in number or cannot be detected at all. 
Furthermore, the gametocytes present may at one time show a pre- 
ponderance of male forms, and at another a preponderance of female 
forms. The general rule, however, is for fairly numerous asexual forms 
to be present, while a smaller number of gametocytes, both male and 
female in approximately equal numbers, occurs at the same time. 

In the case of individuals who have not had malarial attacks for long 
periods, prolonged examinations of the blood will sometimes reveal 
isolated parasites at any stage of development. The occurrence of these 
seems to be an indication that the cycle of development has been continued 
throughout this period to such a slight extent, owing to some controlling 
influence, that the parasites never reach the number sufficient to produce 
the typical malarial attack. It is probable that the developmental cycle 
of the parasites in these latent infections takes place almost exclusivcOy 
in the vessels of the spleen and bone marrow, and that it is only rarely 
that isolated forms are found in the peripheral blood. Every now and then 
the balance which had been struck between the host and the parasite is 
lost, and active multiplication is resumed, with the result that a typical 
attack supervenes. This seems to be the most reasonable exj)lanation of 
relapses occurring at long intervals, but, as explained below, ajiother 
explanation has been given. The gametocytes, when mature, do not 
develop further till they reach the stomach of the anopheline mosquitoes. 
If this does not take place, they degenerate and disappear, the more 
delicate males first, and the females later. 

Supposed Reproduction by Parthenogenesis, — Grassi (1900) and Schaudiiin 
(1902a) observed certain changes in the female gametocytes of 
PlasiHodiimt vivax, which were interpreted as a process of partheno- 
genesis. Schaudinn noted them in the blood of cases shortly before a 
relapse after an interval of freedom from attacks. The nucleus of the 
female gametocyte becomes elongated and divided into two parts, one 
of which contains coarse chromatin granules and the other fine ones. 
The coarsely granular nucleus then proceeds to divide by repeated divisions 
exactly like the nuclear multiplication of the schizont. When about 
sixteen nuclei are present, a segmentation into a number of daughter 
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iudividuals or merozoites takes place. A certain amount of residual cyto- 
plasm is left over, and this contains the pigment and also the nucleus with 
the fine chromatin granules. The merozoites thus formed infect other 
red cells, and proceed to develop into schizonts. In this process it is 
supposed that the division of the nucleus into two, which first takes place, 
is a means of ridding the female gametocyte nucleus of its preponderating 
sexual quality, the nucleus which is cast off with the residual body con- 
taining the sexual chromatin, while that which proceeds to the formation 
of the nierozoite nuclei contains the asexual or vegetative chromatin. 
The writer has long held that the appearances from which this partheno- 
genetic process was deduced were wrongly interpreted by Schaudinn and 
others who have followed him. It frequently happens that a red blood- 
corpuscle is infected with two or more parasites at the same time. The 
two may be both young schizonts, and as they attain maturity the outline 
between the two is difficult to distinguish, so that when schizogony actually 
occurs there is produced the appearance of a very large parasite producing 
thirty or more merozoites. In other cases, a cell may be infected with a 
nierozoite which is to become a schizont and with another which is to 
become a gametocyte. Here, again, the line of separation, especially in 
dried films, may be difficult to detect, so that when the schizont proceeds 
to break up into merozoites the two parasites appear as one large parasite 
breaking up into merozoites on one side only, while at the other side there 
is a mass of cytoplasm, actually the gametocyte, containing an undivided 
nucleus (Plate XIL, 19, p. 926). On other occasions, a cell may be found 
containing two male or two female gametocytes or a male and female 
gametocyte (Plate XIL, 20, ]>. 926). Practically all conceivable com- 
binations may occur, and it seems to the writer that the figures given by 
Schaudinn to illustrate his process of parthenogenesis are more reasonably 
explained on the basis of double infections of cells by a schizont and 
gametocyte. Thomson (J. D.) (1917) came to an exactly similar con- 
clusion, and refut(‘d the whole of Schaudinn’s theory of parthenogenesis 
as applied to malarial parasites. Attempts have been made by Pontano 
(1920) and Samsonoff (1925) to revive the doctrine, biit it must be admitted 
that the figures given by them are far from convincing, and even if it be 
admitted that the nature of the parasites depicted cannot be completely 
explained, there is still no particle of evidence that the process is one of 
parthenogenesis any more than one of degeneration. 

The Cycle in the Mosquito. — As regards the development of P. vivax 
in mosquitoes, there is little to add to the general description given above 
(p. 914). It is possible that, as the gametocytes are the largest, the 
zygotes and oocysts of P. vivax are also larger than those of the other 
species. This is the writer’s impression, but he has no precise measure- 
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ments to support it. In one respect, however, the various species can be 
distinguished. The pigment produced by P. vivax is of a light brown 
colour, while that formed by P. malarice and P. falciparum is dark brown 
or even black. It follows, therefore, that zygotes and oocysts with light 
brown pigment belong to P. vivax. Furthermore, the pigment granules 
are fine, and are not infrequently arranged in a curved line instead of in 
an irregular clump. The rate of development of P. vivax in mosquitoes 
differs from that of P. falciparum^ but this aspect of the question is 
discussed below (p. 958). 

Plasmodium falciparum (Welch, 1897). — This is the organism which 
causes malignant tertian malaria of man (Plate XIII., 16 - 40 , p. 934). Golgi 
(1886) was the first to suspect that it was a distinct species, and suggested 
that the crescents belonged to a cycle of development which differed 
from those of the parasites of benign tertian and quartan malaria. In a 
later paper (1889) he definitely asserted that, in addition to the tertian 
and quartan fevers, a third type associated with crescents had to be 
recognized. Later in the year Marchiafava and Celli (1889) gave the 
first clear account of the differential characters of the malignant tertian 
parasite. This was followed by a similar description by Canalis (1889), 
and a fuller one by Celli and Marchiafava (1890). As with other malarial 
parasites, there is great confusion as to the correct name of this one. 
Much depends on whether the organism should be in a genus distinct from 
the other malarial parasites on account of the crescent shaj)e of its garneto- 
cytes. Grassi and Feletti (1890) proposed the new generic name Laver ania^ 
and named the parasite L, malarice. As Schaudinn (1902a) pointed out, 
the mere difference in shape of a gametocyte is not in itself sufficient to 
justify a separate generic name. The correspondence in the life-cycle is 
so close that it seems clear that the parasite of malignant tertian malaria 
must be included in the same genus as the other malarial parasites of man. 
It cannot have the name P. malarice, for this has priority for the parasite 
of quartan malaria. Grassi and Feletti (1892) had employed the name 
Hcemamoeba immaculata for a form of malarial parasite which they 
considered to be devoid of pigment. Schaudinn (1902a) thought there was 
little doubt that these observers were actually dealing with the parasite 
of malignant tertian malaria, the name for which, according to him, 
becomes P. immaculaimn Grassi and Feletti, 1892. After this, Welch 
(1897) proposed the name Hcematozoon falciparum, so that the correct 
name for the parasite will be P . falciparum, (Welch, 1897), if it be considered 
that Grassi and Feletti's name, P. immaculatum, was employed for a 
parasite which cannot definitely be identified with that of malignant 
tertian malaria. On account of this doubt, the name P. falciparum^ 
now in general use, will be employed here. 
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Plamodiim malarice (1-15) and Plasmodium falciparum (16-40) a8 seen in Dbibd 
Blood-Films stained with Leishman Stain. ( x 2,000). 

Plasmcditm malaruB : 

1. Young ring form. 

2. Young band form. 

3. Slightly older parasite with granule of pigment. 

4-6. Orowthofschizont. 

7-12. Nuclear multiplication and schizogony. 

13. Older band form of nearly mature gametocyte. 

14. Female gametocyte (macrogrametocyte). 

15. Male gametocyte (microgametocyte). 

Plasmodiumfalciparum : 

16-24. Young ring forms. 

25-26. Growth of schizont and development of pigment; these forms usually occur in the 
internal organs, but are occasionally seen in the peripheral blood. 

27-30. Nuclear multiplication and schizogony ; these forms occur rarely in the peripheral blood. 
31-32. Deeply stained cells containing young ring forms, and showing Stephens' and 
Christopher's or Maurer's dots on the surface of the cell. 

33-35. Irregular or amcsboid young forms, showing tendency to fusion of one or more parasites 
(“ Plaamodiumtenue ” of Stephens). 

36-37. Developing gametocytes (crescents). 

38 and 40. Female crescents (macrogametocytes) showing remains of host cell. 

39. Male orescent (microgametocyte). 

(Original.) 
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Thomson, J. D., and Woodcock (1922) have attempted to justify the 
inclusion of the parasite in the separate genus, Laverania. Their chief 
argument is that the gametocyte or crescent is enclosed by a capsule 
which determines the shape of this stage. Quite apart from the fact that 
it is difficult to understand how the shape can be determined by a capsule 
which an organism itself forms around its body, the writer is not convinced 
that any such capsule exists other than that produced by changes in the 
part of the red cell in contact with the parasite. If such a capsule exists 
around the female crescent, it would be highly probable that there would 
be similar structures around the gametocytes of P. vivax and P. malaricB, 
though they might be so delicate as to escape notice. The authors admit 
that the male crescent possesses a more delicate capsule than the female 
crescent. The life-cycles of these malarial parasites of men are so similar 
in every respect that if even a capsule did exist this would not justify a 
generic distinction (see p. 940). 

Malignant tertian malaria of man receives its name from the fact that 
very lieavy fatal infectious are not infrequent and the attacks, though 
occurring much more irregularly than in the benign tertian malaria, often 
show a tendency to recur every alternate day. 

The Cycle in Man. — The developmental cycle in man (Plate XIII., 
16-40, p. 934) corresponds closely with that of P. vivax. There are, 
however, important differences, one of which is that the organism is 
distinctly smaller than P. vivax. The youngest stages arising from the 
penetration of merozoites are minute ring forms not more than one-sixth 
the diameter of the red blood-corpuscle. In heavy infections 25 per cent, 
of the red blood-corpuscles may be infected, while many of them contain 
two or three or sometimes a larger number of rings (Plate XIII., 16-25, 
p. 934). The cytoplasm of the ring surrounding the vacuole is very 
narrow, so that the ring form appears as a thin blue line with the round 
granule of chromatin or nucleus at one side. The chromatin granule 
protrudes beyond the border of the ring more than in the case of the larger 
rings of P. vivax. Though in dried films this stage is most usually seen 
in the ring form, occasionally more irregular or amoeboid forms occur. 
The j)arasites may be any conceivable shape — round, rectangular, flame- 
shaped, or merely little streaks of cytoplasm with a red dot. In heavy 
infections, where several parasites occur in a single cell, the irregular forms 
may overlie one another and give the appearance of an irregular mesh- 
work in which several chromatin dots are found (Plate XIII., 34-35, p. 934). 
In fresh blood observed on the warm stage it will be noted that, as in the 
case of P. vivax, the parasites are in constant ama'boid activity, so that 
the occasional occurrence of irregular forms in blood-films may be explained 
by the rapidity of drying which prevents the amoeboid forms completely 
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retracting to the ring form. A feature of many of the rings is that two 
chromatin granules (nuclei) may be present, and it can be seen by examina- 
tion of a number of parasites that these are produced by an elongation 
and division of the single one which was first present. This feature, com- 
bined with the fact that in multiple cell infections the cytoplasm of indi- 
vidual parasites may run into one another, has led some observers (Craig) 
to suggest that a conjugation of ring forms may occur in the blood. The 
presence of two nuclei may possibly indicate a binary fission, but the 
writer was unable to see any such division or any sign of conjugation 
after prolonged observations on the warm stage. It should be mentioned 
that both the bridge and flattened varieties of the marginal forms described 
under P. vivax are much more commonly seen in P. falciparum infections. 

The growth of the ring forms into the adult schizonts is much more 
difficult to follow in P. falciparum than in P. vivax, for all the infected cells 
quickly disappear from the peripheral circulation, and are held up in the 
vessels of the internal organs. The reason for this is a tendency on the 
part of the infected cells to clump together into masses, as was clearly 
shown by Thomson, J. G. and D. (1913a), to occur in artificial cailtures 
of P. falciparum. Working with cultures of the parasite in Macedonia, 
McLay (1922) further noted a tendency for the infected cells to cluster 
around and adhere to the large mononuclear cells in preference to any 
other type of cell (Fig. 401). As these cells are probably derived from the 
endothelial cells of the blood-vessels, there may be the same tendency in 
the human body for the infected cells to adhere to the walls of the capil- 
laries of the internal organs, in which ihe rate of blood-flow is at a minimum. 
Whatever be the actual cause, the fact rejoiains that the infected red blood- 
corpuscles containing the ring forms of P. falciparum quickly leave the 
peripheral circulation, so that the further development up to the stage 
of schizogony takes place in the internal organs. The exact stage 
at which the young forms leave the peripheral blood seems to vary. 
Sometimes it does not occur till some growth has taken place, and pigimuit 
granules have appeared in the cytoplasm. At others, it is before the 
pigment has formed. This fact may afford an explanation of why some 
observers have supposed that there exist two species of malignant tertian 
parasite, one which forms pigment and the other which does not. In 
some cases of heavy infection a certain number of the growing forms and 
schizonts occur in the peripheral blood, and their presence is usually an 
indication that the infection is an exceptionally serious and intense one. 

The young ring form increases in size often by a thickening of the 
cytoplasm at one or two points on the ring. There appear at the same 
time granules of a pigment which is of a dark brown or black colour as 
contrasted with the light brown pigment of P. vivax. Further increase 
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in size occurs, the parasite remaining more or less compact with at most 
an irregular outline (Plate XIIL, 25-26, p. 934). No increase in size of 
the red blood-corpuscles takes place, but there appear on its surface 
certain red-staining markings which are usually known as Maurer’s dots, 
in spite of the fact that they were first described by Stephens and Chris- 
tophers (1900, 1903a), who regarded them as of the nature of clefts in the 
red cell. They are larger and fewer in number than Schiiffner’s dots, 
which occur in the case of P. vivax, and are not so readily demonstrated. 



Fig. 401 . — Plasmodium falciparum in Culture, showing the Tevuency the 
Infected Cells have of congregating round and adhering to the 
Large Mononuclear ('ells and not to the Polynuclear Leucocy'te« {p) 
(x ca. 1 , 000 ). (After McLait, 1921 .) 

They are seen best in films which have been deeply stained (Plate XIIL, 
31-32, p. 934). Each dot is irregular in shape, and often has an angular 
appearance. As the parasite is approaching its full size the pigment 
granules, which have increased in number, run together to form a dark 
granular mass, which is very often situated at one side of the parasite. 
The nucleus multiplies by repeated divisions till eight to twenty-four aie 
present (Plate XIIL, 27-30, p. 934). The fully-formed schizont has a 
diameter of about 5 microns, and occupies only about two-thirds of the 
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diameter of the red blood-corpuscle, which is not increased in size. Very 
frequently, however, the shape of the cell is altered and it appears very 
pale in colour, as if deprived of all its haemoglobin; at other times there is 
little change. The schizont breaks up into a number of merozoites corre- 
sponding with the number of nuclei. It sometimes appears that as many 
as thirty-two merozoites are formed from one schizont, but in these cases 
it is possible that the cell contained two schizonts, as sometimes happens 
with P. vivax. After schizogony, which takes place almost exclusive!}^ 
in the internal organs, ring forms of the parasite again appear in the 
peripheral circulation. 

It has been mentioned above that niultij)le infection of red blood- 
corpuscles is a common feature of P. falciparum in its young stages. As 
many as six or more rings may occur in one cell (Plate XIII., 22 - 24 , p. 934). 
As the parasites grow, the number of red cells with more than one parasite 
diminishes, so that it is probable that with growth of the parasite the cells 
with multiple infections break down and disintegrate. Doubly infected 
cells may, however, survive. 

It is at the time of schizogony that the attack of malaria occurs and 
the temperature of the patient rises, but the attack is not so sharply 
defined as in the case of P. vivax infections, in which it commences with a 
definite shivering or ague attack (rigor), followed by a hot dry stage 
(febrile stage), which is terminated by a sweating stage when the tempera- 
ture falls (Fig. 393). The fever may occur every forty-eight hours 
(tertian), as in P. vivax infections, or every twenty-four hours (quotidian). 
This may be due to double infections, as explained above for P. vivax. 
Some have considered, however, that distinct tertian and (pioiidian forms 
exist. In any infection the organisms are not evenly distributed through 
the body, in some cases the cerebral vessels are especially involved, 
giving rise to cerebral symptoms; in some the intestinal capillaries are 
most heavily infected, while in others the parasites are most numerous 
in the spleen or bone marrow. On this account the symptoms of maligiiajit 
tertian malaria are exceedingly variable. The most serious cases are the 
cerebral ones, in which all types of cerebral disturbance from acute mania 
to coma occur, often associated with extreme elevation of tem})erature 
(hyperpyrexia). Sections of post-mortem material from these cases show 
the vessels of the brain or other organs completely blocked by aggregations 
of red blood-corpuscles containing the schizonts, either partially grown or 
in actual process of schizogony (Fig. 406). The parasites are seen, some- 
times in enormous numbers, in smears, but in these the true relation to 
the blood-vessels is usually lost (Plate XIV., p. 956). 

As in the case of P. vivax, certain merozoites finally grow into gameto- 
cytes, which pursue their further development in anopheline mosquitoes# 
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The growth into gametocytes takes place almost exclusively in the internal 
organs, but occasionally the young forms may be seen in the circulating 
blood (Plate XIII., 36-37, p. 934). The gametocytes of P , falciparum are 
characteristic in that, when fully formed, they are crescentic or sausage- 
shaped — hence the name crescent, which is used for them. They are 
about one and a half times the length and about half the breadth of a 
normal red blood-corpuscle. They most frequently have rounded ends, 
but sometimes these are pointed, giving the crescent a sickle-shaped 
appearance. Younger forms are slightly elongate structures, with one 
side convex and the other slightly concave. They gradually grow to the 
adult form. Sometimes the younger stages are straight elongate spindles 
as long as the adult forms, but much narrower, with the membrane of the 
enclosing red cell pushed out at each end (Plate XIII., 37, p. 934). These 
narrow forms increase in thickness and become curved to form the typical 
adult crescents. In deeply stained films the margin of the red blood- 
corpuscle is seen to be closely applied to the convex side of the crescent. 
It is stretched across the concavity where it very often shows a con- 
vexity, the corpuscle retaining some of its original shape. In some cases, 
especially when the film is intensely stained, the crescent appears to be 
completely surrounded by a somewhat irregular, red-staining border, which 
Thomson, J. D. (1917), has interpreted as a definite capsule, from what he 
believes to be its behaviour during the first stages of the subsequent develop- 
ment of the crescent. Two types of crescent occur — male and female 
gametocytes. The former consists of hyaline cytoplasm, and stains a faint 
blue, or often a pinkish colour, with Romanowsky stains. The nucleus is 
comparatively large and pale when stained, while the pigment is irregu- 
larly distributed through the cytoplasm (Plate Xlll., 39, p. 934). In 
the female gametocyte the cytoplasm is denser and stains more deeply 
blue, the nucleus is compact and stains more intensely than that of the 
male, while the pigment tends to be aggregated around the nucleus 
(Plate XIII., 38-40, ]). 934). In wet fixed films the nucleus of the female 
gametocyte is seen to be a spherical structure consisting of a nuclear 
membrane with a central deeply staining karyosome. The male nucleus 
is larger, and the chromatin is distributed through it in the form of fine 
granules, and not aggregated into a single karyosome. 

As in the case of P. vivax, the number of crescents in the blood 
bears no relation to the number of asexual forms. Sometimes a single 
crescent only will be found after long search. At other times they are 
more numerous, and can be easily found in looking over a film. Occa- 
sionally, one or more occur in nearly every field. In such cases there may 
be as many as 50,000 to 150,000 in each cubic millimetre of blood. The 
number of gametocytes of P. vivax which may be present in the blood 
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never attains to these figures. In one important respect malignant 
tertian malaria differs from the benign form. In the latter, as explained 
above, relapses are common, and may occur at any time during several 
years after infection. In the former, on the other hand, relapses are less 
common, and the infection, as a rule, dies out more quickly, so that there 
is less tendency for it to persist year after year. As in the case of P, vivax, 
relapses have been ascribed, without sufficient evidence, however, to a 
parthenogenetic reproduction of the female gametocyte. 

The Cycle in the Mosquito. — As stated above, the gametocytes of 
P.falciparifm undergo their further development in anopheline mosquitoes. 

The course of events has already been 
described, but certain features peculiar 
to P. falcipamm will be noted here. 
When the crescents enter the stomach 
of the mosquito they retract to a spheri- 
cal form, and in so doing they rupture 
the remains of the red blood-corpuscles, 
from which they escape. This process 
can be readily studied in a wet blood- 
preparation. Thomson, J. D, (1917), 
noted a phenomenon which had not pre- 
viously been described (Fig. 402). In 
films which had been fixed wet with 
osmic acid vapour he saw appearances 
which seemed to indicate that the 
crescent was enclosed by a fairly resistant 
capsule. A small opening or rupture 
occurred at one spot, and through this 
the cytoplasm passed as in a hernia till 
the vrhole had escaped. Whether such 
a capsule is present or not it is difficult 
to state. The fact that in heavily stained 
films of blood the crescent appears to 
be surrounded by a deeply-staining 
border might suggest this. On the other hand, what has been interpreted 
as a capsule is more probably the remains of the red blood-corpuscle, which 
has become altered where it is in contact with the parasite to form a 
more or less definite membrane. The writer has frequently observed 
crescents in process of rounding off in fresh blood-preparations, but has 
never seen any indication that the cytoplasm normally escapes from 
the capsule through a small opening, as Thomson describes. Jt seems 
possible that the appearances described by him are exceptional, and 
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Fig. 402. — Development op the 
Micko- and Macro - Gametes 
FROM THE Gametocytes of 
Plasmodium falciparum ( x 1,500). 
(After J. D. Thomson, 1917.) 

1. Microgametocyte (male crescent) in 

blood- film. 

2. Spherical microgametocyte with two 

polar bodies. 

3. Stage similar to 2. 

4. Macrogametocyte (female crescent) in 

blood-film. 

5. Cytoplasm of macrogamete escaping 

through opening in capsule. 

6. The macrogamete has completed its 

escape from the cyst, at one end of 
which a polar body is seen. 
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are caused by mechanical factors in the film, resulting in a rupture of the 
membranous portion of the red blood-corpuscle at one point only, and 
the escape of the cytoplasm through this opening. That part of the cell 
which encloses the crescent undoubtedly ruptures, owing to the con- 
traction of the parasite to the spherical form, and this tear is usually 
sufficiently extensive to allow the whole organism to come out as a 
spherical body. 

After its escape from the red blood-corpuscles, the subsequent develop- 
ment of the gametocytes is almost identical with that of P. vivax. The 
ookinetes, which are eventually formed, are possibly smaller than those 



Fig. 403. — Tkansveuse Section of Stomach of Anopheles snperpieius heavily 
INFECTED WITH OocYSTS OF PUismodium falcipavum (x 2(K)). (Afteu Wen yon, 
1921.) 

One <)jcy>t is t>cen to be within an epithelial cell. 

of P, vivax, and, furthermore, the dark colour of the pigment serves to 
distinguish them, and also the developing oocysts, from those of P. vivax, 
which have the characteristic light brown or yellow pigment. 

The fact that the number of gametocytes of 1\ falciparum which may 
be present in the blood reaches a figure which is never attained in the case 
of P. vivax, explains the much larger number of oocysts of P. falciparum 
which may be found on the stomach of an anopheles (Fig. 403). In certain 
instances the whole stomach will be covered with oocysts actually in 
contact with one another. There seems to be very little evidence that 
the mosquitoes are injured in any way by these heavy infections. The 
factors which regulate the development of P. falciparu^n in mosquitoes 
will be considered below (p. 958). 
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Plasmodium malariae (Laveran, 1881 ).— This is the organism causing the 
disease of man known as quartan malaria from the fact that the attacks 
of fever occur at intervals of seventy-two hours or every fourth day of 
the disease (Plate XIIL, 1-15, p. 934). P. malariw is the parasite which 
was first observed by Laveran, and named by him Occillarta malarice, a 
name which also included the other malarial parasites of man. Later, 
Grassi and Feletti (1892) referred to the parasite of quartan malaria as 
Hcemamceha fnalariw. It w^as first separated from the parasite of benign 
tertian malaria as a distinct type by Golgi (1886). 

The Cycle in Man. — The cycle of P. malarice in man is very similar 
to that of the forms described above. The ring forms are about the 
same size as those of P. vivax, and have a diameter of about one-third of 
that of the red blood-corpuscle (Plate XIII., i, p. 934). The cytoplasm, 
however, is generally regarded as being denser, and hence staining more 
deeply than that of P. vivax. It is very difficult, if not impossible, to 
distinguish the ring forms of P. malarice from those of P. vivax. Growth 
takes place more slowly than in P. vivax, the schizont being fully formed 
in seventy-two instead of forty-eight hours (Plate XIII., 2-6, p. 934). 
During the growth period P, malarice exhibits little animboid activity, 
and accordingly does not show the irregularities of P. vivax. In this 
respect it resembles P . falciparum. The various stages do not, as a rule, 
show pseudopodial prolongations, though these may occur very excep- 
tionally. After a few hours’ growth pigment granules begin to a}>pear 
in the cytoplasm, and these are coarse and of a dark colour, and resemble 
those of P , falciparum rather than those of P. vivax. As growth proceeds, 
the organism often shows a tendency to be stretched as a band (band 
form) across the diameter of the corpuscle (Plate XIII., 2, 5, 6, 13, p. 934). 
These band forms are very characteristic of P. malarice, in which they 
are often seen. The bands may be quite narrow in the younger forms, or 
nearly as broad as long in the older ones. They occur, however, though 
much more rarely, in P. vivax and P. falciparum. The growth of 
P. malarice produces very little change in the red blood-corpuscle, and 
there is no increase in its size. Sometimes, however, it may appear 
smaller than the normal cell and also, in stained films, of a deeper 
colour. Stippling of the cell (Schiiffner’s dots, Maurer’s dots) does not 
occur in the great majority of P. malarice infections. Very rarely dots 
resembling those seen in the case of P. vivax have been noted. Partially 
grown forms of P. ynalarice are difficult to distinguish from partially grown 
stages of P , falciparum when the latter occur, as sometimes happens, in 
the peripheral blood. It should be remembered that P. falciparu^n, 
when fully grown, does not occupy more than two-thirds of the diameter 
of the cell, so that when it reaches a stage which has a diameter of about 
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half that of the cell, it will be nearing maturity. Its pigment granules 
will already be aggregating into a single mass, which is frequently situated 
at one side of the parasite. Furthermore, the nucleus will be showing 
signs of multiplication. A stage of P. malarice of this size is not so near 
maturity, since the mature forms completely fill the cell. Accordingly, 
its pigment will be still scattered and its nucleus still single. As P. malarice 
attains its full size it becomes more circular in outline, and almost com- 
pletely fills the cell, while the dark granules of pigment become aggregated 
to form a mass which is sometimes central in position. The nucleus 
divides by repeated binary fission to form six to ten daughter nuclei 
(Plate XIII., 7-10, p. 934). The mature schizont then has a diameter of 
that of a normal red blood-corpuscle. The cytoplasm divides into as 
many merozoites as there are nuclei. If the pigment has aggregated 
at the centre of the parasite, the nuclei become arranged around its 
periphery, while the cytoplasm divides along radii to form the merozoites 
(Plate XIII., 1 1 -1 2, p. 934). At this stage it has the appearance of a 
rosette (rosette form), the pigment forming the centre and the merozoites 
radiating from it; usually, however, the pigment is not centrally placed, 
and the merozoites have not the definite rosette arrangement. 

In the fact that during the whole growth period the infected cells 
remain in the peripheral circulation P. malarice resembles P. vivax. It 
is possible, however, that a larger number of parasites occur in the internal 
organs than in the peripheral circulation during the period between the 
attacks of fever. The infections with P. malarice are, as a rule, less intense 
than those of P. vivax. In blood-films from ordinary cases the organisms 
are usually scanty. Just as in the case of P. vivax, double infections 
witli P. malarice may occur. In such cases one generation of parasites 
is tw^enty-four hours behind the other, and as the growth period occupies 
seventy-two hours, there wall be attacks of fever on two successive days, 
folio w'ed by one day’s freedom from fever. Infections with three genera- 
tions are also described, in which case there will be fever every day. In 
the mixed infections the organisms will be found in the blood in various 
stages of growth, one generation always reaching maturity at the time the 
attack of fever is expected. 

The garnetocytes of P. malarice are spherical bodies completely filling 
the red blood-corpuscles, w^hich are of normal dimensions (Plate XIII., 
13-15, p. 934). They can be distinguished as male and female, the latter 
staining more deeply blue and having a more compact nucleus than the 
former. The pigment granules are scattered irregularly through the 
cytoplasm. They can be distinguished from the nearly mature schizonts, 
which at this stage are beginning to show signs of nuclear multiplication, 
while the pigment is becoming aggregated into a single mass of granules. 
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The young gametocytes, as in the case of P. vivax and P. falciparum, 
are formed mostly in the internal organs. When they do occur in the 
peripheral circulation, they are very difficult to distinguish from partially 
grown schizonts. 

Double infection of red cells with the ring or partially grown forms 
occurs, but less commonly than in P. vivax infections. The writer has 
also seen two mature gametocytes in an enlarged cell, and also a gaineto- 
cyte and a schizont, producing appearances like the so-called partheno- 
genetic stages described by Schaudinn for P. vivax. The effect of 
P. malarifp on the red blood-corpuscle has been mentioned. In some 
films most of the infected cells appear to be of normal size, while in 
other cases the general impression gained in looking over a film is that 
a very large percentage of the parasites are in cells, which are distinctly 
smaller than the uninfected ones. 

The Cycle in the Mosquito. — The course of development of P. malariw 
in anopheline mosquitoes is very similar to that of P. vivax, from which, 
however, the various stages can be distinguished by the colour of the 
pigment. In this respect they resemble those of P. falciparum, which 
also possesses a dark brown or bla^*k pigment. 

Mixed Infections with More than One Species of Malarial Parasite. 

In contrast to the double or triple infections, which may occur in the 
case of P. vivax and P. malar Ice, where two or more gemmations of the 
same species of parasite are present in the blood at one time, there occur 
not infrequently mixed infections of more than one species. The com- 
moiiest of these combinations is to find P. vivax associated with P. falci- 
parum, as is to be expected, since both these forms are more commonly 
met with than P. malarice. The latter, however, is often seen in associa- 
tion wdth the other two species, and occasionally all three forms have been 
seen in a single blood-film. In determining these mixed infections, it 
is essential to see undoubted forms of each species. If rings alone were 
present, it would be exceedingly difficult to decide whether they all 
belonged to one species or to two, though the association of large rings 
and small rings might lead one to suspect that both P. falciparum and 
P. vivax were present. If, however, crescents were seen, and also older 
forms of P. vivax, in which the characteristic irregular forms, enlargement 
of the red cell, and Schiiffner's dots were evident, there could be no doubt 
of the mixed nature of the infection. Naturally, the determination of a 
triple infection presents greater difficulties, since many stages of P. malarice 
are with difficulty distinguished from those of P. falciparum when the latter 
occur in the peripheral blood, as they occasionally do in heavy infections. 
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Another important feature of mixed infections is that, though two or 
even three species of parasite are present, only one may be found. An 
individual infected with both P. vivax and P. falciparum may have an 
attack of malaria in which only the latter is evident, while at a later attack 
only P. vivax appears. It has frequently happened that persons become 
infected in malarious countries with both these forms, but that P. falci- 
parum predominates to such an extent that it alone is detected. After 
they leave the malarious country, the P. falciparum infection gradually 
disappears. An attack of malaria occurs, and is found to be due to the 
more persistent P. vivax, which was not originally seen, and which in some 
way was suppressed by P. falciparum when it was actively multiplying. 
This fact has been used by the upholders of the uni cist theory as proof of 
the transformation of one form of malarial parasite into another (see p. 953). 

Differential Diagnosis of Malarial Parasites of Man. 

h'rom the ab")ve description of the malaria] parasites it will be realized 
that certain stag(»s can be very readily identified. Those of P. vivax, in 
which tliere is definite enlargement of the red blood-corpuscle, develop- 
ment of Schii liner's dots, and characteristic light brown pigment, are 
easily diagnosed. The crescents of P. falciparum, as also the mature 
form of P. malaria', in which the unenlarged red cell is entirely filled by 
the jiarasite, cannot very well be mistaken for other forms. In other cases, 
however, ther<^ is some difficulty. The various ring stages, especially 
when only isolated ones can be found in a film, are sometimes impossible 
to determine. Partially grown forms of P. malarice may not be separable 
from ])art ially grown stages of P. falciparum when the latter, as they do 
exceptionally, remain in the ])eripheral circulation. In such doubtful cases, 
in order to arrive at a definite diagnosis, it may be necessary to make 
examinations of the blood at intervals of some hours, when the indeter- 
minate forms will have gro\\n into ones which are more characteristic of 
any })articular s])ecies. 

Ring Forms. ~ -Those of P. vivax and P. malarice have a diameter of 
one-third to one-half of the red cell, while those of P. falciparum occupy 
about one-sixth of the cell. In any infection irregular forms may occur, 
such as angular forms, animboid forms, streak forms, flame-shaped forms, 
and, ill fact, forms of any conceivable shape. In the case of the two first 
named parasites, these irregular forms are larger and composed of more 
cytoplasm than in the case of P. falciparum, since they contain the same 
amount of cytoplasm as the rings. The comparison is made, of course, 
of parasites of the same age at the time of, or immediately after, the attack 
of fever before any appreciable growth has occurred, and before any 

II. 61 
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pigment has appeared. The irregular forms are more commonly seen in 
P, falciparum infections than in the others, and this remark applies also 
to the flattened marginal forms and the bridge forms described above. 
Ring forms with two chromatin dots are more common in P. falciparum 
infections, while very heavy infections, in which many of the red cells 
contain more than one parasite (multiple infection of red cells), are also 
more commonly seen in the case of P. falciparum. The writer has, 
however, seen as many as six rings of P. vivax in one cell. A certai ri number 
of parasites are not in the ring form, and have a more solid appearance 
from the fact that no vacuole is present. These, again, are smaller in the 
case of P. falciparum.. They represent either merozoites which have not 
yet developed the vacuole, or very young gametocytes which will even- 
tually leave the peripheral circulation to develop further in the internal 
organs. 

In many cases, however, it may be impossible to make a diagnosis 
from ring forms alone. Those of P. falciparum may be larger than is 
usually the case, while those of the other parasites may be smaller. In 
the film, however, there are frequently to be found other older stages and 
gametocytes. These can be more certainly identified, and their presence 
makes it probable, though by no means certain, that the ring forms belong 
to the same species. It is possible, however, for a large number of ring 
forms of one species to be associated with gametocytes of another, in 
which cases the gametocytes might ynoduce an erroneous impression of 
what the ring forms actually are. 

The differentiation of the ring forms of P. \nvax from those of 
P. ^nalariw, when only these forms are present, is almost impossible. The 
large rings are most usually P. vivax, because this is a much commoner 
parasite than P. malariw. It will appear, therefore, that very frequently 
the determination of the species from the ring forms alone cannot be made 
with any certainty, and the diagnosis of the ring form often depends on 
the presence of other more easily recognized stages which are present at 
the same time, or later at subsequent examinations when the parasites 
have grown. 

Partially Grown Forms. — In the case of P. vivax, these are recognized 
on account of the infected cell being larger than the uninfected cells, and 
by the presence of Schiiffner’s dots. Furthermore, the majority of forms 
are very irregularly shaped, and they all have the light brown pigment. 
Partially grown forms of P. malarice are more compact, and the red cells 
are neither enlarged nor possess Schiiffner’s dots. The pigment is dark 
brown or almost black in colour. The band forms are more commonly 
seen in P. malarice than in the other species. Partially grown forms of 
P. falciparum do not, as a rule, occur in the peripheral blood. When they 
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do, however, they can hardly be distinguished from partially grown forms 
of P. malariw. When nearly full grown they are more easily identified, 
for they occupy not more than two-thirds of the red cell, the dark brown 
pigment is aggregated into one clump, often laterally placed, and the 
nucleus will be showing signs of multiplication. Neither in the case of 
P. 7 nalaricB nor P. falciparum is there any enlargement of the cell. In 
deeply stained films, the cells infected with P. falciparum may show the 
coarse red stippling of Maurer’s dots. Partially developed gametocytes 
do not, as a rule, occur in the peripheral blood. If they do, those of 
P. vivax are distinguished from the partially grown schizonts by their com- 
pact form. The partially grown gametocyte of P. malarice resembles the 
])artially developed schizont, and cannot be identified with certainty. They 
are distinguished from those of P. im^ax by the dark pigment and normal 
size of the red cell. Those of P. falciparum are either elongate narrow 
structures or slightly curved bodies which are evidently developing the 
crescent form. The growing schizonts of P. malarice are usually rounded, 
but may assume other forms. 

Fully Grown Forms.— The fully grown stages of P. vioax are recog- 
nized by the enlargement of the cell, Schiiffner’s dots, and the light brown 
colour of the pigment. The schizonts are distinguished from the gameto- 
cytes by the number of nuclei or merozoites (about sixteen), together with 
the light brown pigment, which is clumped in one or two masses. The 
mature gametocyte of P. xnvax is distinguished from the schizont by the 
])ossession of a single nucleus and the distributed condition of the pigment. 
The female gametocyte stains more deeply blue, and has a small compact 
nucleus, while the male gametocyte stains more faintly blue or a reddish 
colour, and has a larger and paler nucleus. The fully grown forms of 
P. malariw completely fill the red cell, which is of normal size. Schiiffiier’s 
(lots do not occur. The schizonts have about eight nuclei or merozoites, 
am] the dark pigment is aggregated into a single dark mass. The gameto- 
cytes have single nuclei and scattered pigment. The male has a large 
])ale nucleus and stains a pale blue or pink, while the female has a small, 
deeply staining, compact nucleus and deeply staining blue cytoplasm. 
The fully grown schizonts of P. falciparum do not, as a rule, occur in the 
peri])heral blood. When they do, they are recognized by their size. They 
occupy only about two-thirds of the diameter of the red cell, which is not 
enlarged, while the pigment is aggregated into a single dark mass. The 
number of nuclei or merozoites is generally about sixteen. They are thus 
distinguished from the schizonts of P. malarice by being smaller, and 
producing a larger number of merozoites. In deeply stained films, 
Maurer’s dots may be present. The fully formed gametocytes are crescent- 
shaped and easily distinguished from all other forms. The female gameto- 
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cyte stains a deep blue colour, and has a deeply staining, compact central 
nucleus, around which the pigment granules are aggregated. The male 
stains a pale blue, has a larger and less deeply staining nucleus, while the 
pigment is scattered. 

Doubtful Species or Abnormal Forms of Human Malarial Parasites. 

In the above description of the three human malarial parasites, only what 
are to be regarded as the typical forms have been considered. As already 
explained, in many cases without any treatment the infections naturally 
abate as the result of some protective factor in the body. It is probable 
that some substance is produced which has a deleterious action on the 
parasite. A more rapid suppression of an infection is brought about by 
the administration of quinine. With these factors, and probably others 
of which there is at present no knowledge, acting upon the parasites, it 
is not to be wondered at that occasionally forms are seen which do not 
correspond in every way with the typical ones. Very commonly what 
are undoubtedly degenerating or damaged forms are seen after quinine 
treatment. The altered parasites may still grow and reproduce by 
schizogony. In the case of F, vivax, ragged-looking schizonts sometimes 
appear. They may be smaller and contain fewer nuclei than tlu^ normal 
schizonts, while the irregular staining indicates some degenerative process. 
In other cases, the departure from what may be considered the normal 
type is less marked, and consists of an unusual shape of the yjarasite, 
increase or diminution in the size of the nucleus or its chromatin ehnnent, 
unusual behaviour of the infected red cell, and other changes. It has to 
be remembered that the malarial parasites are almost invariably studied 
in dried films stained by Romanowsky stains, in many res])ects tlicse 
stains, though giving very beautiful pictures, are very unreliable, for they 
are subject to variations, which cause them to stain differently at dillerent 
times. Thus, in the case of typical P, vivax, the absence of ydiuifner’s 
dots, which is sometimes noted, is almost invariably due to a poorly acting 
stain. The intensity of staining, depending on the quality of the stain, 
or the length of time it has been allowed to act, produces remarkable 
variations in the appearance of the parasites and the infected cells. When 
films are deeply stained, many more granules take a red coloration than 
when they are lightly stained, and it is certainly incorrect to regard all 
red-staining granules as chromatin. It has accordingly happened that 
new species of human malarial parasites have been described from time 
to time. Generally these have been seen in single or very few blood-films 
taken from a case on one or two occasions. It has been impossible to 
follow the cycle of the parasite, as has been done in the case of the three 
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well-established species. Until this can be done, and the parasite has 
been proved to retain its characters, both in human and mosquito passages, 
it is quite unjustifiable to introduce specific names. Laveran (1914) 
remarked that he had long held that the descriptions which were usually 
given of the species of malarial parasites were too schematic, and that 
in practice intermediate and veritable transition forms were frequently 
met with. This remark is certainly correct, and if every slight variation 
from the normal is considered of specific importance, there is no limit to 
the number of species which might be created. Vialatte (1922) goes even 
further, and concludes that, owing to the fact that every grade of transition 
between the three types of malarial parasite exists, it is at present impossible 
to regard the malarial parasite as representing more than one species. 

The following forms, which have been given specific names, are men- 
tioned here, but it seems to the writer more logical to regard them all as 
unusual forms of one of the three well-known species. Catanei (1923), 
in an exhaustive review of the subject, comes to a similar conclusion. 

Plasmodium vivax var. minuta Emin, 1914. — Emin (1914) described, 
under the name of P. vivas var. minuta, a malarial parasite which he had 
found ill the blood of pilgrims in (<amaran Island in the Red Sea. Films 
were studied by Ziernanii (1915), who considered it a distinct species, to 
which he gave the name P. camarense. The features which distinguish 
it from the three well-known species are, according to Emin: 

1. Marked amoeboid activity, so that the parasites are very irregularly 
shaped. 

2. The red blood-corpuscle is neither enlarged nor altered in colour. 

3. 8chutfner\s dots are well marked, and may be in the form of 
filaments. 

4. Nuclear multiplication commences when the parasite is only half the 
size of the red cell. 

5. The schizont is only two-thirds the size of the red cell. It occurs 
in the peripheral blood, and four to ten merozoites are protluced. 

fi. Very little pigment is produced, and the whole of it remains in a 
residual body at schizogony. 

7. The gametocytes are round, and reach a size of three-quarters of 
the red cell. 

Ziemann pointed out that even in the very young forms the chromatin 
is well marked, and often divides into two or three masses, as commonly 
occurs in P. falciparum. The dots on the red cells are, according to 
Ziemann, more like Maurer’s dots than Schiitlner’s dots. 

Stephens (1922) has described as P. ovale a parasite which, he says, 
appears to resemble that described by Emin. In all the stages of its 
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growth it resembled P. malarias, but differed in the absence of the band 
forms so commonly seen in infections with this parasite. Furthermore, 
the infected corpuscles in many cases appeared oval in outline, were 
slightly enlarged, paled, and stippled with Schiiffner’s dots. The cycle of 
development apparently occupied twenty-four hours. It will be noted 
that in Emin’s parasite the growing forms were very irregular in shape. 
In Stephens’s form the parasites were always compact (Fig. 404). Stephens 
evidently thinks it possible that the two forms are identical, but states 
that he was unable to decide this point, as he could not obtain preparations 
of Emin’s parasite. Nevertheless, he named it P. ovale, overlooking the 



Fig. 404:— Plasmodium ovale ( x 1,800). (After Stephens, 1922.) 

1. Normal red blood-corpuscle. 2-3. Ring forms. 

4-7. Partially grown forms. 8-12. Nuclear multiplication and schizogony. 

fact that Ziemann (1915) had already proposed the name P. camarense. 
It is worthy of note that eight days before the appearance in the blood of 
the forms regarded as a new species, the blood-films made from the case 
showed typical forms of P. vivax. 

Forms similar to this one have been seen by the writer in Mesopotamia 
and Macedonia, and he is inclined to regard them as aberrant types 
of P vivax or P. malariw (Plate XII., 31 - 35 , p. 926). Knowles (1923, 
1923a) has expressed a similar opinion. If, however, the parasite is a 
true species, of which there is insufficient evidence, the correct name will 
be P. minutum Emin, 1914. 
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Plasmodium perniciosum Ziemann, 1915. — Ziemann believes that the 
parasite of malignant tertian malaria in West Africa is distinguishable 
from that of Italy and other countries where the true P, falciparum occurs. 
P. perniciosum is said to differ from P. falciparum in the following 
characters : 

1 . Small quantity of pigment. 

2. Darker colour of the pigment. 

3. Complete disappearance from the peripheral blood after the rings 
have been formed. 

4. Want of “ brassy tint ” of infected red cells. 

5. Schizonts occupy only one-third to one-half the diameter of the cell. 

6. The number of merozoites is only twelve to sixteen. 

7. Crescents are not produced so abundantly, and they are smaller 
and plumper. 

The writer, who has studied both the European and the West African 
types, has frequently seen the African form behave in a manner the 
reverse of that which is supposed to be characteristic of it by Ziemann. 
The parasites may or may not completely disappear from the peripheral 
blood, the crescents may be produced in enormous numbers, and their 
shape is subject to distinct variations; the pigment in the schizonts is 
often large in quantity, so that there seems little reason for regarding 
P. perniciosu7H as a distinct species. 

Plasmodium tenue Stephens, 1914. — This is the name given to a malarial 
parasite seen by Stephens in a single blood-film sent him from India 
(Fig. 405). Only young forms were present, and they were characterized 
by their marked ama^boid form, and by the large size of the nuclear 
chromatin and its irregularity in shape. Balfour and the writer (1914) 
pointed out that such forms were by no means uncommon in P. falciparum 
infections, and that there was no reason to regard P. tenue as a distinct 
species (Plate XIII., 34-35, P- 934). Knowles (1923a) expresses a similar 
opinion. Sinton (19226) in India has given an account of a case of malaria 
in which these forms appeared regularly, and he is inclined to regard 
Stephens’s view as correct. It would appear, however, that the name 
P. tenue cannot be employed, as Laveran and Marullaz (1914) used the 
name Hcemarnceha tenuis for a small form of the bird malarial parasite 
which belongs to the genus Plasmodium, Sinton thinks it possible that 
P. tenue is identical with the parasite described by Grassi and Feletti (1892) 
as Hcematnoeba immaculata (see p, 934). 

Chalmers and Archibald (1920) described what they term the “ tenue ” 
phase of P. vivax. It occurred in an undoubted infection with P. vivax, 
and showed a departure from the usual picture in that many of the red 
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cells contained several rings instead of the more usual one or two 
(Plate XII., 28 - 29 , p. 926). As a result of the multiple infection and the 
amoeboid activity, the rings had run into one another or overlapped, so that 
the appearance of a reticulum, with several chromatin dots, was produced. 
The interpretation of this phenomenon given by these observers, that it 
represents an attempt at a primitive method of binary or multiple fission 
at this stage of development, is highly speculative. It is more probable 
that the reticulum was the result of fusion or apparent fusion, as the result 
of overlapping, of several actively amceboid forms. The writer has seen on 
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Fig. 405. - Plasmodium tenue ^STEPIIENS, 1914 ( x ca. 2,000). (After Sinton, 1922.) 

1-2. Young forms probably varying in age fronx three to eight hours. 

3-6. Medium-sized, irregular, or oval-tailed forms, probably varying in age from twelve 
to twenty-four hours. 

7-9. Forms during “ tenue ” phase, probably varying in age from twenty-eight to thirty 
hours. 

10-12. Large oval or polyhedral forms, probably varying in age from thirty-six to forty hours. 

several occasions large infections of P. vivax, in which many cells showed 
two or more young forms. On one occasion as many as six occurred in 
one cell. 

The occurrence of pigmented and unpigmented varieties of P. falci- 
parum has been explained above by the fact that the young forms disappear 
from the peripheral circulation either before or after pigment has appeared 
in their cytoplasm. It seems not improbable that the time of disappear- 
ance of the growing forms of P. falciparum from the peripheral blood 
varies considerably. Very frequently the only forms found are the young 
minute ring forms which disappear into the internal organs after a few 
hours. In other cases the disappearance is delayed, and older forms 
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with one or two granules of pigment may be found. A further delay of 
twenty-four hours or more will lead to the discovery in the films of still 
larger parasites, definitely pigmented, and sometimes markedly amoeboid 
in form, the larger forms retaining their irregularity during the drying 
process of film-making more easily than the younger ones, which contract 
to the definite ring more quickly. 

Many attempts have been made to discover a particular type of 
parasite, which may be supposed to produce blackwater fever, which 
occurs chiefly as a complication of P. falciparum infections. Wright 
(1920) described in great detail with many coloured plates the parasites 
he had found in the blood in association with this disease in India. He 
regarded some of the forms as P. falciparum^ and others, on account of 
their shape, as piroplasmata, or a new species of malarial parasite. There 
is no doubt that all the forms described are either P, falciparum or P. vivax. 
P. caucasicu7n, described by Marzinowsky (1916), is in all probability a 
form of P. falciparum, from which it is said to differ in minute details only. 

It cannot be too forcibly emphasized that the parasites of malaria, 
like all other living organisms, are liable to appear occasionally in abnormal 
form, and that more evidence than the mere casual appearance of these 
is required before new species are created. 


Theory of Unity of the Malarial Parasites. 

It should be mentioned here that Laveran and other observers have 
maintained that the three malarial parasites of man belong to one species, 
and that the various appearances assumed by it and interpreted as due to a 
distinction of species are the result of temporary alterations in structure 
brought about by certain influences not properly understood. Under 
certain conditions the form of P. invax is assumed, while at others that of 
P. falciparum. There seems no real ground for this hypothesis, which is 
not upheld by the great majority of those who have studied malaria. 
Grassi (1919), in direct opposition to his previous views, expressed it as 
his belief that only a single species exists, and that the form known as 
P, falciparum relapses in Italy in March and April as P. vivax. The same 
opinion is expressed by Grassi and Sella (1920). Vialatte (1922) has 
arrived at the same conclusion. It has been proved, however, that direct 
inoculation of infected blood gives rise to infections with the type of 
parasite inoculated. Thus, Miihlens and Kirschbaum (1921) inoculated 
human beings with malaria with the object of testing its effect on general 
paralysis. They passed P. vivax in series through twenty cases, P. falci- 
parum through four, and P. malarice through three. In all cases the para- 
sites retained their original characters. Bastianelli and Bignami (1899), 
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in transmitting malaria from man to man by means of Anopheles maculi- 
pennis, found the type inoculated corresponded with the one taken up by 
the mosquito. Similarly, Bruce Mayne (1920), working in America, has 
shown that mosquitoes convey only the form with which they were originally 
infected. Miihlens, Weygandt and Kirschbaum (1920) inoculated both 
P. falciparum and P. vivax from man to man both during the winter and 
summer in Germany. In no case did the parasites which appeared in the 
inoculated individuals depart from the type introduced. In a later paper 
Miihlens and Kirschbaum (1924) have given further evidence of the con- 
stancy of type. In a long series of passages, which in the case of P. vivax 
has reached forty, the three species have maintained their characters 
throughout, and shown no tendency to change from the one to the other, 
Yorke and Macfie (1924a) have inoculated seventy cases of general paralysis 
involving twenty-three passages with P. vivax, and have infected forty-one 
cases with the same parasite by the bites of Anopheles maculipennis, and 
have noted no change in the morphology of the parasite. 


Possibility of Animal Reservoir— Susceptibility of Man and Animals to 

Inoculation. 

The fact that persons sometimes contract malaria after visiting 
certain mosquito infected districts which appear to be uninhabited by 
man has raised the question of an animal reservoir for the human malarial 
parasites. A large number of animals of different species have been 
examined, with the result that a number of malarial organisms have been 
discovered in them. These are, however, distinct from the human forms, 
for their inoculation into man has not been followed by infection, nor has 
inoculation of the human parasites into animals, as carried out by many 
observers, been followed by infection, except in one instance. Bass 
(1922), who points out that horses, mules, dogs, foxes, monkeys, rabbits, 
mice, guinea-pigs, hedgehogs, bats, wolves, cats, pigeons, doves, magpies, 
screech-owls, turtles, frogs, and lizards have been inoculated with human 
blood containing malarial parasites without infections resulting, has him- 
self attempted to infect four guinea-pigs, five rabbits, and one Macacus 
rhesus with P. falciparum. As a control, culture was made with the same 
blood in human blood medium and in a medium of the blood of the animal 
inoculated. The parasites developed in the human blood medium, but 
not in the other. None of the animals became infected, though some 
parasites remained in the blood of a guinea-pig for twenty-four hours. 
In the case of a chimpanzee, Mesnil and Roubaud (1920) succeeded in 
producing a mild infection with P. vivax by inoculating infected human 
blood intravenously. The infection appeared in ten days, and lasted for 
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a similar period. Another chimpanzee inoculated in a similar manner 
did not become infected. Anopheles maculipennis infected with 
P. falciparum failed to infect a chimpanzee on which it was allowed 
to feed. 

Reichenow (1917, 1920c) discovered malarial parasites in anthropoid 
apes in West Africa (Plate XV., 1 - 7 , p. 970). The forms described 
resembled the three well-defined types of the human parasite. He pro- 
duced some evidence that it was only those apes which were kept in 
association with man that harboured the parasites, and it seemed to him 
probable that they had actually become infected from human beings. 
Blacklock and Adler (1922, 1924), who studied the parasites of the chim- 
panzee, failed to infect human beings by inoculating them with blood of 
an infected ape, and also failed to infect a young chimpanzee with P. falci- 
parum (see p. 970). 

Inoculation of infected human blood into human beings produces 
infections quite readily. An instance is known to the writer in which a 
series of men was infected during salvarsan injections. The apparatus 
consisted of a receptacle connected with a rubber tube, to which the needle 
to be inserted into the vein was attached. A short distance above the 
needle a piece of glass tubing formed a window, and at each injection, by 
lowering the receptacle, blood was allowed to pass the window to ensure 
the fact that the needle was in the vein. The receptacle was then raised, 
and the required amount of drug run in. A sterile needle was used for 
each man, but the window was not changed, so that it was possible for 
the blood of each man to be contaminated by the blood adhering to the 
window from the previous injections. In this way the blood of one man, 
who was later found to harbour crescents in his blood, infected the ten 
succeeding men, and produced in them attacks of malignant tertian malaria, 
which were fatal in some of the cases. 


Pathology of Malarial Infections. 

The most striking macroscopic change in the body, due to the presence 
of malarial parasites, is a marked enlargement of the spleen, which in 
some cases reaches enormous dimensions. In acute cases it is soft and 
dark red in colour, while in chronic infections it is harder and may have 
a dark steely grey tint owing to deposition of pigment. The liver is also 
enlarged, but to a less extent. In countries in which malaria is endemic, 
the percentage of children showing enlargement of the spleen (spleen 
index) affords a reliable guide to the intensity of malaria in the com- 
munity. Very definite changes occur in the blood. It becomes thin and 
watery, and the number of red cells is reduced beyond the degree that 
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would be expected from the intensity of any infection. That is to say, 
there appears to be a destruction of red cells in excess of those actually 
infected. The surviving red cells often show irregularities of size and 
shape, and contain less hajmoglobin than is normally the case. Nucleated 
red cells are also not infrequently seen. The actual number of leucocytes 
is below the normal (leucopsenia), while the percentage of the large 
mononuclear cells, which are probably of endothelial origin, is increased. 
Actually, during a malarial attack, the polynuclears may be present in a 
percentage which is greater than normal, but between the attacks their 
percentage diminishes. On this account an increase in the percentage of 
large mononuclear cells is in favour of any condition being caused by a 
malarial infection. In sections of tissues from malarial subjects, the most 
striking feature is the pigment which has been liberated frcm the parasites 
at the time of their schizogony. It is discharged into the plasma, where 
it may be seen in the form of granules at the time of an attack of fever. 
It is, however, quickly taken up by the endothelial cells of the vessels, 
and also by the circulating large mononuclear cells, or even the polynuclears. 
The presence of pigmented leucocytes, as these circulating cells which 
have ingested pigment are called, is another indication that malarial 
parasites are present in the body. If the organs, especially the spleen 
from a case which has died shortly after an attack of fever, are examined 
in sections, the vessels will show pigment in the form of fine granules in 
their lumens, either free or in leucocytes, and also within the endothelial 
cells lining the vessels. In cases of chronic malaria, it appears that the 
pigment taken up by the endothelial cells at the time of an attack has been 
passed into the interstitial tissue, where it occurs in cells, which may again 
be of endothelial origin, in the form of dark brown or blackish aggregations 
produced by the finer granules first deposited having run together. The 
cytoplasm of the glandular cells of the liver and other organs may show 
fine pigment granules of a yellow colour. These are of a different nature 
from those just mentioned, and give the microchemical test for iron. They 
are not elaborated by the parasite, but are formed by the tissue cells from 
the haemoglobin which is liberated from the destroyed red cells. They 
are not characteristic of malaria, but occur in other diseases associated 
with blood destruction (see p. 882). 

In cases that have died of malaria, the capillaries of the internal organs 
show varying numbers of red cells infected with malarial parasites. In 
pernicious cases of P. falciparum infection the capillaries of the brain, 
spleen, intestine, liver, or any other organ may be completely blocked by 
veritable emboli of infected cells. The capillaries, as seen in smears or 
sections, stand out clearly owing to the clumps of pigment in the parasites 
(Fig. 406). 



PLATE XIV 



Plasmodium falcinajum rs seen in spleen smear of a fatal ease of malignant tertian 
malaria (x i,ooo). The majority of the parasites are fully grown schisonts each with 
single nucleus and pigment granules aggregated into a clump. A few^ parasites have 
two or more nuclei, while tw'o are producing mcrozoites. A number of scattered 
merozoites occur, and some of these have invaded the red blood corpuscles. Three 
large endothelial cells are seen. One of them contains masses of pigment, and another 

two phagocyted parasites. 

(Original.) 


[To face p 
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In the spleen, especially, large endothelial cells still in the vessel 
wall may be seen to contain quantities of pigment, infected red blood- 
corpuscles, free parasites, and even leucocytes which they have phago- 
cyted (Plate XIV., p. 956). 
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I iG. 406. -Distribution of Plasmodium falciparum in the Capillaries of the 
Internal Organs of Fatal Cases of Malignant Tertian Malaria ( x 220). 
(Micropiiotographs by Dr. A. C. Stevenson.) 

The n^oss of dark pign^ent in each intracorpuseular parasite is clearly seen. 

A. Sn\ear of brain substance showing network of capillaries. B. Section of brain. 

0* Section of intestinal mucosa. D, Section of pancreas. 
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Factors which Influence the Development and Survival of Malarial 
Parasites in Mosquitoes. 

It has already been stated that the human malarial parasites undergo 
development only in anopheline mosquitoes. All attempts to infect other 
forms \Culex, Aedes, etc.) have failed, and it is quite clear that the ano- 
pheline mosquitoes, as first pointed out by Grassi, are alone responsible 
for the spread of malaria. The mosquitoes can only infect themselves 
from cases in which gametocytes occur in the blood, and the number of 
oocysts which develop is dependent on the number of gametocytes present. 
The largest infections in mosquitoes are seen in the case of P, falciparum, 
for in man this malarial parasite produces the largest number of gameto- 
cytes. 

Mitzmain (1917a) showed that only a small percentage of gametocytes 
of P, falciparum actually develop in the mosquito’s stomach, for large 
numbers are passed through the intestine and escape in the fseces. It is 
possible that in order to develop they must have reached some hitherto 
undetected condition of maturity in the human blood. Furthermore, 
Mitzmain, working with Anopheles punctipennis, found that of sixteen 
mosquitoes which had a single feed on blood containing crescents, only 
one became infected, while of thirty-six which fed a varying number of 
times, thirteen became infected. The chances of a mosquito becoming 
infected thus increase with the number of feeds on infected blood. 

The actual development in the mosquito is directly dependent upon 
temperature. The first persons to study the subject were Grassi, Bignami, 
and Bastianelli (1899a). They noted that neither P, vivax nor P. falci- 
parum would develop in mosquitoes kept at a temperature of 15*5° to 
17*5*^ C., and Grassi (1900) considered that this was due to the prevention 
of microgamete formation and fertilization. At C. the gametocyte 
of P. falciparum rarely flagellates, whereas at 18° to 20° C. it does so 
readily. The minimum temperatures for continuous development to take 
place were 16*5° C. for P. malarice, 17-5° C. for P. vivax, and 18° C. for 
P. falciparum. If the temperature is sufficiently high for fertilization to 
take place, then, according to Grassi, development may proceed at lower 
temperatures. It was found that at a temperature of 30° C. P. falciparum 
would complete its development in seven days, while at 20° to 22° C. it 
required about twenty days. Jancso (1904) published accounts of experi- 
ments from which he drew conclusions at variance with those of Grassi. 
He found that, if immediately after biting, mosquitoes were kept for 
twenty-four hours at 11° to 13° C., and then at a temperature of 20° 
to 30° C., development would take place. If, however, they remained at 
the lower temperature, no infection occurred. He concluded that the 
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low temperature did not hinder fertilization, but prevented the ookinete 
from penetrating the stomach wall and becoming an oocyst. Mitzmain 
(1917) recorded a series of experiments in which mosquitoes were fed on 
cases of P, falciparum infection. After being kept for a few hours in the 
room with the patient, they were transferred to a living room for ten to 
thirteen days at a temperature of 20° to 26° C. They were then gradually 
taken to outside conditions in open-air cages during November, December, 
and January, with temperatures of from 14*5° to 24° C., 11-5° to 20-5° C., 
and 14*9° to 21° C. respectively. The mosquitoes were examined from 
ten to seventy days after feeding. Of fifty-four specimens of Anopheles 
punctipennU thus treated, fifteen showed infection with oocysts, but in no 
case were sporozoites found in the salivary glands. In many cases the 
cysts were seen to be ruptured. It is concluded that intermittent low 
temperatures restrict or prevent development, even when a favourable 
temperature existed during the early stages. Eight mosquitoes which 
had been exposed to the intermittent low temperature were at the end of 
the experiment transferred to a favourable temperature (mean 24*6° C.). 
No salivary gland infection took place. King (1917) show^ed that if 
P. vivax were allowed to develop in Anopheles quadrimaculatv.s for seven 
to twenty-three days at a favourable temperature, the oocysts which had 
partially developed were able to withstand exposure to lower tempera- 
tures ( - 1° C. for two days, -0*5° C. for four days, 7*3° to 10’6° C. for six 
to seven days, 3*3° to 14° C. for seventeen days), and to continue their 
development when subsequently removed to a favourable temperature. 
P. falciparum under similar conditions survived an exposure to 1*7° to 
14° C. for one to two days. Exposures to low temperatures for longer 
periods resulted in degeneration of the odcysts. Some similar experiments 
were conducted by the writer (1921c) in Macedonia. It was observed that 
in nature partially developed oocysts could be found in hibernating 
A. superpictus all through the winter. The question was raised as to 
the possibility of these oocysts being able to continue their development 
when the temperature became more favourable in the spring. Mosquitoes 
were fed on cases of P. falciparum infection, and partial development 
allowed to take place at a temperature of 22° C. The development was 
completely arrested for fifteen days by placing the mosquitoes at a tem- 
perature corresponding to their winter hibernation (9-7° to 18*7° C.). 
Subsequent exposure to favourable temperature (21° to 24° C.) was 
followed by development of the oocysts to maturity. Twelve hours’ 
exposure to a temperature of 5*5° C. did not injure the cysts. It is thus 
possible that the immature cysts found under natural conditions in winter are 
able to develop to maturity when the temperature becomes higher, and that 
anopheline mosquitoes can in this way carry infection through the winter. 
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As regards the times necessary for the completion of development in 
the mosquito, it is found that P. vivax develops more quickly than P, fal- 
ciparum, Thus, in A, macuUpennis at a mean temperature of 17° to 
20° C., according to Koubaud (1918), P. vivax requires fifteen days and 
P. falciparum twenty dayp for complete development, while at tempera- 
tures of about 25° C. P. vivax develops in eleven days and P. falciparum 
in fourteen days. In the writer’s experience in Macedonia, at a tempera- 
ture of 18° to 25° C. P. vivax completed its development in A. macuUpennis 
in seventeen days, while with P. falciparum the oocysts were not quite 
mature in the same period. In A. superpictus, P. vivax completed its 
development in fifteen days at a temperature of 21° to 29*7° C., while 
P, falciparum at a lower temperature of 21*5° to 23*7° C. required seventeen 
days. It thus appears that the development of P. vivax is slightly more 
rapid than that of P. falciparum, and that the difference is more marked 
at lower temperatures. Jancso (1904) estimated that at a temperature 
of 15° to 17° C., which is below the limit at which P. falciparum will 
develop, P. vivax would require fifty- three days to complete its develop- 
ment. Roubaud (1918) sees in these data an explanation of the fact that 
in certain countries P. vivax inf^’ctions occur earlier in the year than those 
of P, falciparum. As regards the upper limits at which development will 
take place, this depends entirely on the temperature at which mosquitoes 
will survive. Grassi (1900) states that P. vivax and P . falcijyarum com- 
plete their development in A. macuUpennis in eight days when kept at 
a constant temperature of 28° to 30° C. At a constant temperature of 
30° C., seven days is sufficient. The rate of development of P. vivax and 
P, falciparum in anopheles is approximately the same at high tem])era- 
tures (30° C.), and sporozoites are found in about seven days. As the 
temperature falls, the rate of development of P. falciparum falls off more 
quickly than that of P. vivax. At a temperature of 18° to 25° C., P. vivax 
requires about fifteen to seventeen days and P. falciparum about nineteen 
days. At lower temperatures P. vivax still continues to develop, though 
P, falciparum has ceased to do so. 

As regards the effects of the humidity of the atmosphere on the active 
development in mosquitoes, there is no evidence that this factor plays 
any part. Provided there is sufficient moisture in the air to enable the 
mosquitoes to live, the malarial parasites will develop normally. Tem- 
perature is a much more important factor than humidity. As Gill (1921) 
has pointed out, the spread of malaria may, however, be affected by lack 
of humidity, because the mosquitoes which hatch and ingest parasites 
may not live long enough for sporozoites to appear in the salivary glands. 

The writer (1921c) noted in Macedonia that anopheles could be 
infected with P. falciparum from patients who were taking quinine, but 
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that under these conditions P. vivax rarely developed. Quinine, therefore, 
affects the gametocytes of P. vivax, but not those of P. falciparum. This 
observation accords with the results of Bruce Mayne (1920) in America. 
Bastianelli and Bignami (1900) and Gualdi and Martirano (1901) had 
previously noted that quinine taken by a patient did not prevent the 
crescents developing in mosquitoes, while Schoo (1902) failed to obtain 
development of the gametocytes of P. vivax under similar conditions. 

It is evident that with a limited number of sporozoites in the salivary 
glands of a mosquito continued passage of these in the salivary fluid will 
lead eventually to disinfection of the mosquito. To bring this about a 
number of feeds may be necessary. Mitzmain (1916a) attempted to 
determine the number of persons which could be infected by a single 
anopheles. His results appear to indicate that in a period of fourteen days 
as many as nine individuals can be infected with P. vivax by one mosquito. 

As regards the duration of life of sporozoites in the salivary glands of 
mosquitoes, some data have been obtained. Martirano (1902) noted that 
in Italy mosquitoes with infected salivary glands could not be found 
during the winter, and concluded that the infection was quickly lost. Schoo 
(1903) kept infected mosquitoes fed only on water through the winter 
(October to March), and could find no sporozoites when they were examined 
in the spring. Roubaiid (1918) found that only degenerate sporozoites 
occurred in the salivary glands of a specimen of A. macuUpennis dis- 
sected four months after feeding on a crescent case. Cardamatis (1919) 
stated that he had found degenerate oocysts in anophelines during winter 
in Greece, while Grassi and Sella (1920) observed sporozoites in the 
salivary glands of hibernating A. maculipennis in Italy in the winter, but 
in the spring no such infections were noted. It was concluded that the 
sporozoites could not survive in the salivary glands through the winter. 
Bruce Mayne (1922) has given an account of more accurate investigations 
conducted in America. He has previously (1920) shown that what were 
apparently dead sporozoites were found in the salivary glands of an 
A. puncfipennis 158 days after feeding on a case of P. vivax infection. 
In his later experiments he demonstrated by actual feeding on volunteers 
that infective sporozoites were present in the salivary glands fifty-five 
days after A. punctipennis had fed on a crescent case. Though this 
mosquito had produced an infection on the fifty-fifth day, it failed to 
infect another volunteer on the sixty-seventh day. It was dissected on 
the sixty-eighth day, when typical active sporozoites were found. In 
another experiment four A. punctipennis were induced to bite a volunteer 
on the seventy-fourth day. No infection resulted, though sluggish 
sporozoites were present in the salivary glands of two of them when dis- 
sected some time after. Two other mosquitoes failed to infect volunteers 
II. 62 
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on the sixty-first and sixty-sixth days, though active sporozoites were 
present when dissected nine and five days respectively after feeding. 
Sporozoites which were evidently dead were seen as late as the ninety-fifth 
day in the case of P. falciparum, and the 106th day in the case of P. vivax. 
James (1926) has shown that a batch of A, maculipennis infective on 
August 17 was still infective on November 17, though it had twenty-four 
previous opportunities of injecting sporozoites. During eighty-six days 
the mosquitoes were kept at 38° to 40° C., being transferred from time to 
time to a temperature of 24*4° C. One of the mosquitoes dissected on 
November 12 had zygotes on the stomach and sporozoites in the glands. 

Barzilai-Vivaldi and Kauders (1924), working in Germany, attempted 
to transmit malaria to six healthy subjects by means of 120 A. maculi- 
pennis which had been fed on patients harbouring malarial parasites 
(P , vivax) which had been directly inoculated from man to man over a 
period. No infection resulted, and dissection of the mosquitoes 
showed that no development of the parasites had taken place. It is 
concluded that after a number of direct passages the parasite eventually 
ceases to produce gametocytes capable of developing in mosquitoes. 
Such statements require very careful confirmation before they can be 
accepted, but they may be compared with those made by Duke (p. 512), 
who found that after many direct passages trypanosomes appear to lose 
their power of developing in tsetse flies. 

Anopheline Carriers of Malaria. 

It has been abundantly demonstrated that the human malarial 
parasites will not develop in any but anopheline mosquitoes. In any 
particular malarial locality all species of anopheles are not equally respon- 
sible for the spread of the disease. Naturally, those which come into most 
intimate contact with human beings are most often infected. In some 
cases anophelines are easily infected, practically every one feeding upon a 
suitable case developing oocysts which reach maturity, while in others, 
as in the well-known instance of A, rossii (A, suhpictus) of India, infection 
does not occur, or only very rarely. Thus at Mian Mir in the Punjab, 
Stephens and Christophers (1902) dissected 259 A, culicifacies and 496 
A, rossii, with the result that 12 of the former and none of the latter 
were found infected. At Ennore in Madras 69 A^ culicifacies gave 6 
infected, while 364 A» rossii gave none. Bentley (1911) in Bombay dis- 
sected 837 A. stephensi and 772 ^4. rossii, and found 84 of the former had 
oocysts and none of the latter. As regards sporozoites, of 826 A, stephensi 
29 showed these, and of 680 A. rossii none. Darling (1909a) found in 
Panama that A. albimanus, A. argyritarsis, and A. tarsimaculatus could be 
infected with malaria, and that A^ malefactor {A» punctimacula) could not. 
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As to whether any special mosquito is more susceptible to one par- 
ticular type of malarial parasite there is little precise evidence. It was 
suggested in Macedonia that A, maculipen/iis was possibly the chief 
carrier of P. vivax and A. superpictus of P. falciparum. Experiments 
conducted by the writer (1921c) proved that both these mosquitoes readily 
became infected with both malarial parasites. In drawing conclusions from 
observations of this kind it has to be remembered that, as already noted, 
quinine has a greater influence on the gametocytes of P. vivax than 
on those of P. falciparum in preventing their subsequent development. 
Furthermore, in conducting comparative experiments, absolutely identical 
conditions must be employed, and this can only be done by feeding the 
mosquitoes to be compared at the same time, and keeping them after- 
wards under the same conditions. Kinoshita (1906), working in Formosa, 
stated that P. falciparum, which on this island depends on the presence 
of A. listoni, would not develop in A. sinensis (A. hyrcanus), though 
P. vivax did so readily. The difiiculty of obtaining accurate data is well 
illustrated by the experience of Mitzmain (1916). He fed 219 specimens 
of A. punctipennis on a P. falciparum case, and no infections occurred, 
whereas A. quadrimaciilatus and A. crucians, fed at the same time, easily 
became infected. A. punctipennis was readily infected with P. vivax. In a 
later experiment, Mitzmain (1917) again fed A. punctipennis on a P.falci- 
parum case, and obtained 27 per cent, of infections. 

Swellengrebel, Schiiffner and Swellengrebel de Graaf (1919) conducted 
experiments in the Dutch East Indies with a number of anopheles, with the 
object of testing their relative susceptibility to the three species of malarial 
parasite. The mosquitoes were fed on cases containing gametocytes on 
at least two occasions, and were examined for infection after ten to twelve 
days. The results obtained are shown in the following table, the first 
figure representing the number of mosquitoes examined after feeding, and 
the second the percentage found infected; 
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It will be noted that in the case of A. ludlowi, 100 per cent, became 
infected with P . falciparum, 80 per cent, with P. vivax, and only 4*7 per 
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cent, with P. malarice. In attempts to obtain data of this kind, it has 
always to be remembered that gametocytes in different cases may not all 
be in the same condition of readiness for development. 

The number of anopheles found infected in nature depends on the 
intensity of infection amongst the population. Statements have been 
made that in certain localities as many as 50 per cent, or even 100 per cent, 
of the anopheles are infected. It must be very doubtful if these figures 
are correct. In Macedonia, in a very heavily infected village, the writer 
(1921c) found from dissections of 2,910 anopheles the following per- 
centages infected: November, 1917, to February, 1918, 0*5; March, 1918, 
to June, 1918, 0*3; July, 1918, to October, 1918, 1*5; November, 1918, 
0*2. These figures agree fairly well with those obtained by other observers. 
From the point of view of malaria prevention, the important point is not 
so much whether any particular anopheles can be experimentally infected, 
but to what extent it is infected under natural conditions. It may be 
accepted that a natural infection of anopheles as high as 10 per cent, is 
very exceptional. 

Anopheles in which Oocysts or Sporozoites have been Found either 
Naturally or Experimentally. 

Note. — When more than one name for a mosquito is quoted, the first is that 
under which the record of infection was given by the observers moutiouod. The 
names in brackets are synonyms, while those without brackets are the coned names 
according to Christophers {Indian Medical Besearch Memoirs, No. 3, December, 
1924). 

Anopheles sp. (“ dappled-winged mosquite ”); Ross, 1897 and 1898, India. 

Anopheles sp. : Ziemann, 1900, West Africa, Camoroons. 

A, aconitus : Swellengrebol and S. de Graaf, 1911, Dutch Indies; Staiilon, 1914, 
Malay States; Barber, 1918, Malay States; Schuffner, 1918, Sumatra; Winoto, 
1918, Java; Swellengrebel, 1919, Java; Walch and Waloh-Sorgdrager, 1921, 
Sumatra; Dooronbos, 1926, Dutch East Indies. 

A, albimanus: Darling, 1909, Panama; Laidislao and Chagas (quoted bv Neiva, 
1909), Brazil. 

(A, alhipe8)^A. albimanus : Gray and Low, 1902, St. Lucia (very doubtful ; dissection 
only forty-eight hours after feeding). 

(A. albiro8tri8)^A. aconitu8 : James and Stanton, 1912, Malay States; Stanton, 
1912, Malay States. 

A, algerien8i8 : Sergent, 1906, Algeria. 

{A, annulipe8)=A, leucosphyrus : Kinoshita, 1906, Formosa. 

(A. arabien8i8)=A. gambice : Patton, 1906, Aden Hinterland. 

A. argyritarsis : de Faria and Laidislao (quoted by Neiva, 1909), Brazil; Darling, 
1910, Panama; Boyd, 1926, Rio de Janeiro. 

A. austeni: Wellman and Fay, 1907, Portuguese West Africa. 

A. barbirostris : Stephens and Christophers, 1902, India; Walker and Barber, 1914, 
Philippines; Walker, 1916, Philippine Islands; Barber, 1918, Malay States; 
Sohiiffner, 1918, Sumatra; Swellengrebel, 1918, Dutch Indies; Swellengrebel, 
Schuffner, and S. de Graaf, 1919, Dutch Indies. 
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A, bellator, Davis, 1926, Brazil. 

A, bifureatua : Grassi, Bigiiami, and Bastianelli, 1899, Italy; Blaoklock and Carter, 
1920, England; Hargreaves (quoted by Robertson, 1920), Italy (Taranto); 
Yorke and Macfio, 1924, England. 

A. braailiensis : Godoy and Pinto, 1923, Brazil. 

{A, chri8topher8i)=A, minimua : Stephens and Christophers, 1902, India. 

{A, coh(B8U8 and A, formo8aen8i8)^A. minimus : Tsuziiki, 1902, Formosa. 

{A. costalis) ? A, cinerus : Hill and Hayden, 1905, Natal; Ross, 1908, Mauritius. 

{A, co8tali8)=A, gambicB : Ross, Annett, and Austen, 1900, West Africa; Stephens 
and Christophers, 1900, West Africa; Annett, Dutton, and Elliott, 1901, Nigeria 
(or A. fune8tu8); Dutton, 1902, Gambia; Ziemann, 1902, Cameroons; Lamborn, 
1925, Nyasaland. 

A. eriicians : Beyer, Pothior, Couret, and Lemann, 1902, North America; Mitzmain 
(Bruce Mayne), 1916 and 1919, North America; King, 1916, North America; 
Metz, 1919, North America. 

A. GuUvifacies : Stephens and Christophers, 1902, India; James, 1902, India; Hodgson, 
1912, India; James, 1913, Ceylon; Sinton, 1917, India; Gill, 1925, India. 

(A. /e&>7/er)=A. minimus : Walker and Barber, 1914, Philippine Islands. 

(A. fluvial ilis)— A. lisloni: James, 1902, India. 

(A. formosaensis and A. cohoe8U8)=A. minimus : Tsuzuki, 1902, Formosa. 

A. fuliginosus : Stephens and Christophers, 1902, India; James, 1902, India; Adie, 
190.3, India; Lalor, 1911, India; Christophers, 1911, India; Hodgson, 1912, 
India; Stanton, 1912, Malay States; Stuart and Proctor (quoted by Fry, 1914), 
India; Fry, 1914, India; Bentley (quoted by Fry, 1914), India; Barber, 1918, 
Malay States; Schuffner, 1918, Sumatra; Swellengrebel, Schiiffner, and S. de 
Graaf, 1919, Dutch Indies. 

{A. funesta var. lisloni)— A, lisloni: Perry 1912, India. 

A. funestus: Ross, Annett, and Austen, 1 900, West Africa; Stephens and Christophers, 
1900, West Africa; Daniels, 1901, British Central Africa; Annett, Dutton, and 
Elliott, 1901, Nigeria (or A. aoslalis); Ziemann, 1902, West Africa, Cameroons; 
Dutton and Todd, 1906, Congo; Wellman and Pay, 1907, Portuguese West 
Africa; Newstead, Dutton, and Todd, 1907, Congo: MacGregor, 1924, Mauritius: 
Lamborn, 1925, Nyasaland. 

A. hispaniola : Sergent, Ed, and Et., 1905, Algeria. 

(A. hunter i)— A. separatus : Barber, 1918, Malay States. 

(A. indejinila)—A. subpictus : Swellengrebel, 1918, Java; SchuHiier, 1918, Sumatra; 
Swellengrebel, Schiiftuer, and S. de Graaf, 1919, Sumatra; Barber, 1918, Malay 
States;. 

A. intermedins : Neiva and Laidislao (quoted by Neiva, 1909), Brazil. 

(A. jamGsii)~=A, maculipalpis : Stephens and Christophers, 1902, India. 

(A. iesoensi8)—A. hyrcanns : Tsuzuki, 19i)2, Japan. 

A. Icarwari : Barber, 1918, Malay Slates. 

A. Jcoehi : Barber, 1918, Malay States; Schuffner, 1918, Sumatra; Swellengrebel, 
1918, Dutch Indies; Sweliengrebel, Schuffner, and S. de Graaf, 1919, Dutch 
Indies; Walch and Walch-Sorgdrager, 1921, Sumatra. Doorenbos, 1925, Dutch 
East Indies. 

A, leucosphyrus: Bais, 1919 (quoted by Swellengrebel and S. de Graaf, 1920), Sumatra. 

A. lisloni, Stephens and (Airistophers, 1901, India; Kinoshita, 1906, Formosa; 
Horne, 1914, India; Chalam, 1923, Assam. 

A. ludlowi : Banks, 1907, Philippines; Christophers, 1912, Andaman Isles; Horne 
(quoted by Hodgson, 1914), Madras; Barber, 1918, Malay States; Swellengrebel, 
1918, Dutch Indies; Swellengrebel, Schuffner, and S. de Graaf, 1919, Dutch 
Indies; Van Breemen, 1919, Batavia; Winoto, 1919, Java; Darling, 1920, 
Java; Walch and Walch-Sorgdragor, 1921, Sumatra; Schuffner and Hylkema, 
1922, Sumatra; Rodenwaldt and Essed, 1925, Batavia. 

A. lutzi : Galli- Valerio, 1904 (very doubtful), Brazil. (Only a few alcohol specimens 
examined.) 
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A, maeulatus: Watson, 1911, Malay States (called A, willmori): Stanton, 1912, 
Malay States; Walker and Barber, 1914, Philippines; Walker, 1916, Philippines; 
Barber, 1918, Malay States ; Essed, 1926, and Doorenbos, 1926, Dutch East Indies. 
A. macuUpalpis : Robertson, 1911, India; MacDregor, 1924, Mauritius. 

A, mamlipennis : Grrassi, Bignami, and Bastianelli, 1898, Italy; van der Scheer and 
van Berlekom, 1901, Holland; Schaudinn, 1902, Italy; Schoo, 1902, Holland; 
Martirano, 1902, Italy; Jancsd, 1904, Grermany; Sergent, 1906, Algeria; 
Cardamatis, 1906, Greece; MoUow, 1910, Bulgaria; Macdonald, 1911, Spain; 
L6gor, 1913, Corsica; James, 1917, England; Cot and Hovasse, 1917, Macedonia; 
Ro'ubaud, 1917, Franco; Blanc and Heckenroth, 1918, Albania; Joyeux, 1918, 
Macedonia; Grassi and Sella, 1920, Italy; Hargreaves (quoted by Robertson, 
1920), Italy (Taranto); Wenyon, 1921, Macedonia; Roubaud and L6ger, 1921, 
Corsica; Sergent, Parrot, and Donation, 1921, Corsica; Swellengrebel, 1921, 
Holland; Yorke and Macfie, 1924, England; Muhlens and Sfarcic, 1925, 
Dalmatia. 

{A, nur8ei)=A. superpictus : Mackie (quoted by Christophers and Shortt, 1921), 
Persia. 

(A. paludi8)=A. mauritianu8 : Christophers, 1900, Sierra Leone. 

A. pharoen8i8 : Dutton and Todd, 1916, Congo (only two dissected) ?; IHanson-Bahr, 
1918, Egypt. 

A. plumheus : Blacklock and Carter, 1920, England. 

A. p8eudomaeuUpe8 : Noiva and Laidoslao (quoted by N'eiva, 1909), Brazil. 

(A. p8eudopictu8)—A, hyrcanus : Grassi, 1899, Italy. 

A. p8eudopunctipenni8 : Darling, 1909, Panama. 

A. pulcherrimu8 : Christophers, 192L Mesopotamia (Busra). 

A. puncUpenni8 : Dupree, 1906, North America; King, 1916, North America; Mitz- 
main, 1917, North America. 

A. pnnctulaim: Swellengrebel, 1918, Java; Schiiffner, 1918, Sumatra; Swellengrebel, 
SchufEner, and S. de Graaf, 1919, Dutch Indies; Walch and Walch-Sorgdrager, 
1921, Sumatra; Heydon, 1923, New Britain; de Rook, 1924, New Guinea. 

A. quadrimaculatu8 : Beyer, Poihior, Couret, and Lemann, 1902, North America; 
Hirschberg, 1904, North America; Mitzmain, 1916, North America; King, 
1916, North America; Metz, 1919, North America. 

(A. ro88ii)=A. 8uhpi€tu8 : Stephens and Christophers, 1902, India; James, 1902, 
India; SchufEner, 1902, Sumatra; Vogel, 1909, Dutch Indies; Walker and Barber, 
1914, Philippines; Barber, 1918, Malay States; Swellengrebel, 1919, Dutch 
Indies; Swellengrebel, Schiiffner, and S. de Graaf, 1919, Dutch Indies; Van 
Breemen, 1919, Batavia; Reylingh (quoted by Swellengrebel and S. de Graaf, 
1920), Java; Gill, 1925, India; Rodenwaldt and Essed, 1926, Batavia. 

(A. ro8ii var. indefinita)=A, 8ubpictu8 : Walker, 1915, Philippine islands. 

(A. 8inen8i8)=A. hyrcanu8 : Stanton, 1912, Malay States; Kinoshita, 1906, Formosa; 
Barber, 1918, Malay States; Schiiffner, 1918, Sumatra; Swellengrebel, 1918, 
Dutch Indies; Swellengrebel, Schiiffner, and S. de Graaf, 1919, Dutch Indies; 
Walch and Walch- Sorgdrager, 1921, Sumatra; de Rook, 1923, Sumatra; Walch, 
1924, Sumatra; Doorenbos, 1925, Dutch East Indies. 

A. 8tephen8i: Stephens and Christophers, 1902, India; James, 1902, India; Liston, 
1908, India; Bentley, 1911, India; Hodgson, 1912, India; Sinton, 1917, India; 
Gill, 1926, India. 

A. 8uperpictu8: Grassi, Bignami, and Bastianelli, 1899, Italy; Cardamatis, 1906, 
Greece; Cot and Hovasse, 1917, Macedonia; Wenyon, 1921, Macedonia; 
Christophers, 1921, Mesopotamia (Musul). 

A. ta/r8imaculatu8 : Darling, 1909, Panama, 

A. te88elatu8 : Swellengrebel and Schiiffner, 1919, Java. 

A. theohaldi: Stephens and Christophers, 1902, India. 

A. turkhudi: Stephens and Christophers, 1902, India; James, 1902, India; Manson- 
Bahr, 1918, Egypt. (Manson-Bahr’s record really refers to A. multicolor,) 
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A. umbro8U8 : Roper, 1914, North Borneo; Barber, 1918, Malay States; Swellengrebel, 
1918, Dutch Indies; Swellengrebel, Schiiffner, and S. de Graaf, 1919, Dutch 
Indies. 

A. vagu8 : Doorenbos, 1925, Dutch East Indies. 

A, willmori: Watson, 1911, Malay States (really A. maenlatu8)\ Adie, 1911, India; 
Grill, 1923, Murree, Himalayas. 


Cultivation of Malarial Parasites. 

Bass and Johns (1912) were the first to succeed in cultivating malarial 
parasites. This was most easily accomplished in the case of P, falciparum^ 
which was observed to pass through three generations of schizogony in 
these cultures. The procedure is to withdraw 10 c.c. of malarial blood 
from a vein, add to it 0*1 c.c. of a 50 per cent, solution of dextrose, and 
defibrinate the mixture. The blood is distributed in test-tubes, which are 
then incubated at 40° C. ; the cells settle to the bottom, leaving a column 
of serum about 2*5 cm. in height. The parasites will be found in the red 
cells just below the surface of the deposit, and by examining them at 
intervals it will be seen that they grow into mature schizonts and break 
up into merozoites. Some of these may enter other cells, and again grow 
into schizonts, but as a rule, so soon as the merozoites escape from the 
cells, they are phagocyted by the leucocytes. If the original mixture, 
after defibrination, is centrifuged, the leucocytes can be removed, as they 
form the upper layer of the deposit. In this way, unhampered by leuco- 
cytes, the parasites may complete two or three cycles. For subcultures, 
normal blood is taken and treated in the same manner, after which it is 
inoculated by means of a pipette with infected blood from the previous 
culture. In all these processes it is absolutely essential to avoid 
bacterial contaminations. Ziemann (1913, 1914) modified the original 
method in details, and claimed that better results were obtained by 
adding double the quantity (0*2 c.c.) of the dextrose solution. Culture 
of malarial parasites has also been successfully carried out by Thomson, 
J. G. and D. (1913), Rocha-Lima and AVerner (1913), McLay (1922), 
and others. 

If cultures are commenced with blood containing ring forms, as is 
generally done, these grow into the schizonts, which produce merozoites. 
The rate of growth varies with the temperature. At 41° C. P. vivax 
takes about forty-eight hours, whereas P, falciparum occupies from twenty- 
four to forty-eight hours. The development as regards the action on 
red blood-corpuscles, production of Schufiner’s and Maurer’s dots, and 
the number of iperozoites corresponds with what occurs in the human 
body. Beside th^ normally reproducing parasites, there occur others, 
evidently abnormal or degenerate forms. 
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In the case of P, falciparum^ Thomson, J. 6. and D., noted that there 
was a tendency for the infected cells to clump together in the culture, 
a fact which may have some bearing on the formation of emboli of infected 
cells in the capillaries of the brain and other organs in severe cases of 
malignant tertian malaria. McLay (1922) also noted that the infected 
red cells tended to collect around the large mononuclear cells (Fig. 401). 
As these are probably of endothelial origin, this observation may also 
explain the tendency of infected cells to accumulate as emboli in the 
capillaries. In sections of heavily infected organs the smallest capillaries 
are completely blocked, whereas the vessels with a slightly larger diameter 
are clear at the centre, but show accumulations of parasites against the 
endothelial cells peripherally. McLay also noted that it was difficult, 
if not impossible, to obtain cultures from cases which were taking quinine. 

In culture some have observed what they consider to be the formation 
of gametocytes, while others, as, for instance, Joukoff (1913) and Pere- 
kropoff (1914), claim to have seen the mosquito cycle. Perekropoff, by 
using 0*4 c.c. of dextrose solution instead of the usual ()•] or 0*2 c.c., 
claims to have followed the sporogony cycle of the gametocytes of P, faU 
ciparum. He gives figures of what he considers oocyst formation within 
the red blood-corpuscles, with production of sporozoites, but there is no 
real evidence that he was dealing with any other than a schizogony cycle 
modified by the artificial conditions of culture. 

When Bass first announced the successful culture of malarial parasites, 
it was hoped that a method had been discovered of maintaining them 
indefinitely. This hope, however, has not been realized, for the cultures 
are difficult to maintain, as growth ceases after a very few subcultures. 
Nothing comparable with the successful culture of trypanosomes and 
leishmania has been accomplished. 

PLASMODIA OF MONKEYS. 

A malarial parasite of monkeys was first noted by Koch (1898a). It 
was described by Kossel in 1899, and named Hcemamceba kochi by Laveran 
(1899), who saw it in Cercopithecus sabceus. It was discovered by Koch in 
Africa in various species of Cynocephalus, Cercopithecus^ and Cercocebus, and 
Liihe (1906) refers to this species a form seen by Ziemann in the chim- 
panzee. It was next seen by Bruce and Nabarro (1903), and by Dutton, 
Todd and Tobey (1906) in Africa in species of Cercopithecus, Ross, 
P. H. (1907), saw it in monkeys in Uganda. Gonder and Berenberg-Gossler 
(1908) studied it in Cercopithecus fuliginosus which had been imported to 
Hamburg from Africa. Sergent (1908) saw it again in Cercopithecus albo‘ 
gularis ; Martoglio, Stella and Carpano (1910) in Cercopithecus sabceus ; 
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Ringenbach (1914) in Cercopithecus cephus ; and Plimmer (1916) in Cerco- 
cebus cethiopictis. Seidelin and Connal (1914) recorded the presence of what 
may be this form in Cercopithecus mona and Papio sphinx of West Africa. 
Halberstadter and Prowazek (1907) described two species from Borneo, 
one Plasmodium pithed of the orang-outang, first seen by Laveran (19056) 
in an imported animal in Paris, and the other P. inui of Macacus cyno- 
molgus and ilf . nemestrinus^ which is probably the form seen by Bruce and 
Nabarro (1903) in M. rhesus, P, pithed was inoculable to other orang- 
outangs, but not to the lower monkeys, while P. inui was inoculable to 
species of Macacus^ but not to orang-outangs. The form seen by Chimisso 
(1922) in a M, rhesus in Italy is probably P. inui. Mayer (1908) described 
as P. cynomolgi a parasite he found in M, cynomolgus. It was inoculable to 
M, cynomolgus, M, rhesus, and a Cercopithecus, and is probably identical 
with P. inui. What was probably the same organism was seen by Mathis 
and Leger (1911) in M. rhesus and M. lasiotis tcheliensis in Tonkin. They 
found it was easily inoculable to monkeys of these species. Blanchard 
and Langeron (1913), who found an imported monkey (M. cynomolgus) 
naturally infected in Paris, succeeded in infecting two other monkeys of 
the same species. One died of an acute infection, the other acquiring a 
chronic one. This strain was further studied by Bouniol, whose results 
were published after his death by Blanchard and Langeron (1913a). He 
noted that the infections were either acute ones which proved rapidly 
fatal, or chronic ones of many months’ duration, the monkeys ultimately 
dying of some intercurrent malady. He showed that the infected red 
cells developed SchufEner’s dots, and that the cycle of development 
occupied forty-eight hours. Leger and Bouilliez (1912) inoculated P. inui 
to M. cynomolgus, M. sinicus, M, rhesus. M, nemestrinus, Cercopithecus 
callitrichus, C. patas, C. cebus, and Papio anabis. One C.fuliginosus and 
two chimpanzees were refractory. Donovan (1920) saw this form in 
M. sinicus, and refers it to P. cynomolgi. A form (P. brasilianum) was 
described by Gonder and Berenberg-Gossler (1908) from Brachyurus 
calvus in South America, while Knowles (1919) gave the name of P. semno- 
pithed to a form seen by him in the Indian hanuman monkey {Semno- 
pithecus entellus). Finally, Reichenow (1917a) described malarial parasites 
in anthropoid apes. He regarded these as identical with the human 
parasites, but Sluiter, Swellengrebel and Ihle (1922) proposed the name 
Laverania rdchenowi for the form in the chimpanzee. 

Plasmodium reichenowi (Sluiter, Swellengrebel and Ihle, 1922). — 
Reichenow (1917a) published a preliminary account of observations on 
plasmodia of anthropoid apes studied by him in the Cameroons (Plate XV., 
1-7, p. 970). He regarded them as identical with the three human species. 
In the same year Mesnil and Roubaud announced the successful inoculation 
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of P. vivax to the chimpanzee, a result which was of considerable interest 
in the light of Reichenow’s conclusions, and the fact that previous attempts 
by Koch and others to inoculate human malaria to these animals had 
been unsuccessful. Reichenow (1920c) has published a fuller account of 
the malarial parasites seen by him in the chimpanzee and gorilla. He 
has shown that these apes live in the vicinity of human habitations, and 
are liable to be bitten by infected mosquitoes. In adult apes the parasites 
are scanty, and can only be demonstrated by the thick film method. In 
young animals they are more numerous. Forms corresponding com- 
pletely with P, falciparum were seen. In these the rings were small, the 
schizonts did not completely fill the red cell, and the gametocytes were of 
the typical crescent form. They resembled in every way the P, falciparum 
found in the negro. Another type resembled P. vivax. The rings were 
large, there was enlargement of the red cell, with production of typical 
schizonts and gametocytes, while the cycle of development occupied 
forty-eight hours. Rings, schizonts, and gametocytes of the P. malarice 
type were also seen, as well as band forms, which are fairly characteristic 
of this species. It would seem, therefore, that Reichenow has produced 
definite evidence in support of his contention that the human malarial 
parasites of man occur in the anthropoid apes of Africa. The successful 
inoculation of P. vivax to the chimpanzee by Mesnil and Roubaud is a 
further argument in favour of his conclusions. Reichenow believes that 
the form seen by Ziemann in the chimpanzee and referred to P. kochi by 
Liihe (1906) may in reality be one of the human forms, as also P. pithed 
of the orang-outang of Borneo. 

The parasites of the chimpanzee have also been studied by Blacklock 
and Adler (1922) in West Africa. They observed in the blood of the animal 
large amoeboid forms like those of P. vivax in enlarged and pale red cells, 
large more or less band forms with coarse pigment like P. malarice, small 
ring forms in cells of normal size and colour resembling ring forms of P. falci- 
parum, and gametocytes of crescent form indistinguishable from those 
of P. falciparum. No segmenting forms were seen in the blood. Attempts 
to infect two human beings by inoculations of blood both subcutaneously 
and intravenously failed, nor did the mosquito, Anopheles costalis, become 
infected after feeding on the chimpanzee. In a later paper, Blacklock and 
Adler (1924) state that they failed to infect a young chimpanzee by 
inoculating human blood containing P. falciparum. A further examina- 
tion of thirteen chimpanzees in Sierra Leone by Adler (1923) revealed an 
infection only in two young animals. Gametocytes and young ring forms, 
like those of P. falciparum, were the only stages seen. The livers of both 
these apes showed a high degree of fatty degeneration. As noted above, 
the parasite which resembles P. falciparum^ was named Laverania reichenowi. 
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Plasmodium kochi (Laveran, 1899). — This species is a common parasite 
of monkeys belonging to the genera Cercopithecus, Cynocephalus, and 
Cercocebus in tropical Africa. It has been described from the chimpanzee, 
but, as already remarked, Reichenow thinks that the form in this animal 
is another species (Plate XV., 22 - 28 , p. 970). 

The asexual cycle of P. kochi is completed in forty-eight hours. In 
this and in other respects it resembles P. vivax. The ring forms are large, 
but some of them occupy a smaller proportion of the red cell than rings 
of P. vivax. As growth proceeds, the resemblance to P. vivax becomes 
more marked. The red cell enlarges, while the parasite becomes irregular 
in shape, though not to the same extent as the human parasite. The 
pigment granules are of a light brown colour, w^hile sometimes a stippling 
of the cell like Schiiffner’s dots occurs. The fully-formed schizonts 
produce from eight to fourteen merozoites, and bear a striking resemblance 
to those of P. vivax. The gametocytes are large round bodies, which may 
be distinguished as male and female gametocytes, as in the human parasite. 
Microgamete formation by flagellation has been observed, but no develop- 
ment could be obtained by Gonder and Berenberg-Gossler (1908) in Ano- 
pheles macidipennis. The parasite shows little sign of pathogenicity in 
natural infections or in inoculated animals. Gonder and Rodenwaldt 
(1910) noted, however, that if splenectomy had previously been performed, 
the infections were much more severe, elevations of temperature occurred, 
and the parasites persisted in the blood for many months. Two unsuccess- 
ful attempts were made to inoculate the parasite into human beings. It 
was observed that quinine had a definite action in controlling the infec- 
tions. Leger, M. (1922), has described as P. bouilliezi a parasite found 
in the blood of a freshly killed Cercopithecus campbelli of West Africa. 
It is said to differ from P. kochi in that the young forms are elongate and 
not annular, while the schizonts, or at least the forms described as such, 
are smaller. It is evident that not sufficient material was studied to 
justify the separation of the parasite from P. kochi, 

Plasmodium inui Halberstadter and Prowazek, 1907. — This parasite was 
discovered by Halberstadter and Prow^azek in monkeys (Macacus) in Borneo. 
The form studied by Mayer, and named by him P. cynomolgi, is probably 
identical with P. inui. It resembles P. vivax in most of its stages, pro- 
ducing enlargement of the red cell, Schiiffner’s dots, and a yellow-brown 
pigment (Plate XV., 8 - 14 , p. 970). Some of the ring forms, however, are 
small and resemble those of P. falciparuniy wffiile the gametocytes are not 
much larger than the normal red cell and resemble those of P. nmlarice, 
Mayer (1908) could obtain no development in Culex pipiens nor in 
AMes argenteus. He believes that he observed small oocysts in 
Anopheles maculipennisy but the complete development was not followed. 
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As already remarked, Leger and Bouilliez (1913) inoculated P. inui 
to a number of monkeys, including members of the genus CercopithecuSy 
the common hosts of P. kochi. Many of the monkeys died of heavy 
infections. Quinine, even in large doses, appeared to have no influence 
on the infection. 

Plasmodium semnopitheci Knowles, 1919. — Knowles (1919) records 
that a monkey (Semnopithecus entellus) which had been under laboratory 
observation for a considerable time was inoculated intravenously with 
2 c.c. of human blood containing crescents of P. falciparum. The monkey 
became ill twenty-four hours later, and died forty-eight hours after the 
injection. It had a very intense malarial infection, and as any young forms 
inoculated could not in so short a time have given rise to those seen, 
it was rightly concluded that the injection had stimulated to sudden 
development a latent infection which the monkey already possessed. 
Nearly every red cell was found infected, and many of the parasites 
appeared to be extracellular and free in the plasma. Small rings of the 
P. falciparum type were found, as also larger rings like those of P. vivax. 
There was definite enlargement of the red cells, but the schizogony stages 
were not seen. The gametoevtes were large and of the P. vivax type. 
Though the parasite has been given a distinct name, it seems to be very 
similar to P. inui. The intensity of the infection and the fact that the 
examination was made after death would account for the occurrence of 
extracellular and other abnormal forms. 

Plasmodium pitheci Halberstadter and Prowazek, 1907. — This parasite 
of the orang-outang (Simia satyrus) of Borneo, resembles P. inui very 
closely, but is distinguished from it by its pigment, which is dark brown 
or black in colour (Plate XV., 29-35, p. 970). It is inoculable to other 
orang-outangs, but not to the lower monkeys (Macacus), which are very 
susceptible to P. inui, Shibayama (1910) states that Schuflner’s dots 
are not present, but from his figures it would seem that the staining was not 
suSiciently intense to make them evident. Reichenow (1920c) considers it 
possible that P. pitheci may be one of the human parasites. Dodd (1913) 
records an infection of an orang-outang with P. pitheci which proved fatal. 

Plasmodium brasilianum Gonder and Gossler, 1908. — This is a parasite 
discovered by Gonder and Berenberg-Gossler (1908) in a monkey (Brachyurus 
calvus) which had been imported to Hamburg from the Amazon district. 
In contrast to the forms described above, which resemble P. vivax, this 
one shows a greater similarity to P. malarice (Plate XV., 15-21, p. 970). 
There is no enlargement of the red cells, and the schizonts, which give 
rise to six or twelve merozoites, completely fill the cell. Band forms occur, 
as in P. malarice, and the gametocytes are also of the type characteristic 
of this species. 
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Seidelin (1912) described a parasite, probably a plasmodium, wMch 
he had found in the blood of a monkey, Ateles sp. of Yucatan. Only small 
unpigmented rings resembling those of P. falciparum were seen. 

PLASMODIA OF BATS AND OTHER SMALL MAMMALS. 

Plasmodium murinum (Dionisi, 1899) and P. melanipherum (Dionisi, 
1899). — The occurrence of pigmented intracorpuscular parasites in bats was 
first made known by Dionisi (1898). He later (1899) described two species 
of pigment-producing plasmodia under the names of Polychromophilus 
murinus and P. melanipherus. Another form which was devoid of 
pigment was named Achromaticus vesperuginis. The pigment-producing 
forms undoubtedly belong to the genus Plasmodium. 

P. murinum has been described from Vespertilio murinus in Italy by 
Dionisi (1899), from F. capensis of South Africa by Bowhill (1906), and 
from F. daubentoni of Russia by Schingareff (1906). P. ^nelanipherum 
was first noted in Miniopterus schreibersi in Italy by Dionisi (1898), by 
Sambon and Low (1901) in Myotis capaccinii in Italy, then by Schingareff 
(1906) in the same host in Russia. What was presumed to be a variety 
of the same organism was described under the name P. melanipherum var. 
monosoma by Vassal (1907) from Vesperugo abramus of Annam. Dutton. 
Todd, and Tobey (1906) record a similar form from undetermined bats 
of the Congo. Generally speaking, the above-named species resemble 
P. malariw, and Dionisi separated the two species on account of differences 
in arrangement of the chromatin granules (Plate XVI., 23-27, p. 974). 
Forms which are undoubtedly gametocytes occur, and some observers 
have noted rounded bodies with as many as ten chromatin dots, giving 
the appearance of schizonts of the P. malaricp type. Many curious 
forms have been described by Dionisi, and they were named by him 
Polychromophilus on account of the red staining of many of the granules. 
It is evident that all these forms require further investigation in the light 
of present knowledge. 

The non-pigmented parasite first described by Dionisi as Achromaticus 
vesperuginis is probably a piroplasma (Plate XVL, 28-32, p. 974). 

Plasmodium brodeni Rodhain, Pons, Vandenbranden, and Bequaert, 
1913. — This parasite was discovered by Rodhain and his co-workers in the 
Belgian Congo in the jumping rat, Petrodromus tetradactylus. The forms 
seen are of the P. malariw type, except that a slight enlargement of the 
red cell may occur. Only ring forms, young schizonts, and gametocytes 
were seen. 

A very similar form (P. sp.) was described by Rodhain (1915) from the 
same region in the flying fox, Epomorphus franqueti, while A. and M. Leger 
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(1914) saw what was probably the same parasite in E. gambianus in Upper 
Senegal. The latter observers identified the parasite with P. pteropi. 

Plasmodium pteropi Breinl, 1912. — This is a parasite of the P. malarice 
type which was discovered by Breinl in West Australia in the blood of the 
flying fox, Pteropus gouldi. Only ring forms, immature schizonts, and 
garnet ocytes were seen. The pigment, judging from the coloured plate 
accompanying the description, is of a light brown colour, and resembles 
that of P. vivax rather than that of P. malarice. Some slight enlargement 
of the infected cells may occur. 

Mackie (1914a) in India described a very similar form from the flying 
fox, Pteropus edwardsii. He gave it the name Plasmodium pteropi without 
knowing that the name had been employed by Breinl for the West 
Australian form. It is very probable, however, that the two are identical. 
What is probably the same parasite was seen by Manson-Bahr in the 
flying fox in Ceylon (Plate XVI., 8-12, p. 974). 

Plasmodium vassal! (Laveran, 1905). — This parasite was discovered by 
Vassal (1905a) in the squirrel, Sciurus grisemanusy of Annam, and was 
named Hcemamceba vassali by Laveran (19056). Later, Vassal (1907a) found 
it also in two other species, S. mttatus and S. sp. In many respects 
the organism resembles P. malaricBy but no actual mature schizogony 
forms were seen, the only ones occurring being gametocytes, ring forms, 
partially grown gametocytes, and possibly young schizonts (Plate XVI., 
18-22, p. 974). A method of reproduction of the smaller forms by binary 
fission is described. The male forms flagellate very readily, but no 
development was obtained in mosquitoes {AnopheleSy Culex), or other 
flies (Tabanus, Hcematopota, or Hippobosca). The parasite was not 
inoculable to man, monkeys, rabbits, guinea-pigs, rats, mice, or the 
European squirrel, Sciurus vulgaris. 

A similar form was seen by Donovan (1920) in India in the Malabar 
squirrel, Ratufa indica. It was named by him Plasmodium ratufce. 

The Royal Society’s Commission, under Bruce (1915a), record the 
occurrence of a plasmodium in the jumping shrew of Nyasaland. Only 
gametocytes containing a single compact nucleus and scattered pigment 
were seen. They were definitely larger than the normal red cells. 

Plasmodium roubaudi Leger and B6dier, 1923. — This parasite was dis- 
covered in one out of five zorillas {Ictonyx zorilluy one of the Mustelidee) 
examined in Senegal by Leger and B4dier (1923). The smallest forms are 
round bodies about 1-25 microns in diameter. They contain one or two 
dots of chromatin and a small vacuole, which gives them a more solid 
appearance than the ring forms of the well-known parasites of malaria. 
The pigment granules are not numerous. Narrow rod-like forms 3’6 
microtis in length by 0*4 to 0*5 microns in breadth, and larger ovoid 
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forms which stretch across the cell as do the band forms of P. malarice, 
also occur. These larger parasites contain definite pigment granules. No 
schizogony stages were seen. Another species recorded by Leger, M., and 
B6dier (19226) is P. rigoleti of Myoxus murinuSy also of Senegal. In this 
case the parasite occurred as small rings or amoeboid bodies, but was 
devoid of pigment. 

Thomson, J. D. (1906), described a new type of intracorpuscular 
parasite of the British mole. He stated that it occasionally contained 
granules of a black pigment. Franca (1911a) studied the organism in 
Portugal, and concluded that it was allied to the piroplasmata, and gave 
it the name Elleipsisorna thomsoni (see p. 1050). 

PLASMODIA OF LARGE MAMMALS. 

Plasmodium cephalophi Bruce, Harvey, Hamerton, and Lady Bruce, 
1913. — This parasite was discovered by the Royal Society’s Commission 
(Bruce et al., 1913c) in the blood of two young duikers (Cephalophus 
grimmi) in Nyasaland (Plate XVI., 1-7, p. 974). In one animal an acute 
infection lasting only four days occurred, while in the other a less intense 
infection persisted for some months. In its compact form and number 
of merozoites (eight to twelve) the parasite showed resemblances to 
P. malarice of man. There was, however, a marked enlargement of the 
cell with growth of the parasite. Schuffner’s dots were not present, 
though in some cases a coarse stippling like Maurer’s dots was seen. 
The red cells became very pale in colour. Another peculiarity is that the 
pigment, when it appears, is not scattered through the cytoplasm, but is 
collected in a single vacuole, giving the appearance of a brownish-yellow 
area in the parasite. Some of the large forms, which are evidently game- 
tocytes, had, in addition to the single nucleus, other red or purple staining 
granules in the cytoplasm. 

In two other duikers another plasmodium was seen, which seemed to 
differ from P. cephalophi in that the pigment was aggregated into a 
denser clump. Whether it was actually a distinct species or a slightly 
modified form of P, cephalophi was not determined. 

Plasmodium bubalis Sheather, 1919. — This form was discovered by 
Sheather in India in a buffalo which died after inoculations made for im- 
munization purposes. There was a fairly heavy infection, 1*6 per cent, 
of the red cells containing parasites. P. bubalis resembles in many 
respects the human quartan parasite, P. malarice (Plate XVI., 13-17, p. 974). 
Some of the ring forms are as small as those of P. falciparum^ while a 
slight enlargement of the red cell is caused by some of the larger parasites 
which, when partially grown, have a regular outline. The adult schizont, 
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which appears to produce from seven to fourteen merozoites, completely 
fills the red cell, and has its pigment aggregated in a single clump. Some 
of the large forms with a single nucleus are probably gametocytes, though 
Sheather does not mention them. Many of these had a vacuole in the 
cytoplasm. Edwards (1925) has also seen the parasite in India. Kolle 
(1898) described as P. boms a supposed malarial parasite of South African 
cattle. It is not clear that he was actually dealing with a plasmodium. 

Plasmodium caprae (de Mello and Paes, 1923). — De Mello and Paes (1923) 
have described a pigmented parasite of the red blood-corpuscles of goats in 
Angola under the name Laverania caprce^ on account of the fact that the 
gametocytes were crescent-shaped and resemble those of P. falciparum. 
The smallest forms were also like the ring stages of this parasite. They 
can be traced through a series of larger forms into schizonts, which give 
rise to six or seven or even thirteen merozoites. The gametocytes, which 
are crescent-shaped, can be distinguished as male forms measuring 5 to 6 
by 2 to 2-5 microns, and female forms 3-5 to 4*5 by 1 to 2 microns. 
The red cells are little altered by the young stages of the parasite, 
but are distinctly paler than normal at the adult schizont stage. There 
was no development of Schilffner’s or other dots. Paes (1924) again 
refers to the parasite, which he illustrates in a coloured plate. Kone of 
the forms depicted shows any pigment, and it is stated that this substance 
is not regularly present. The so-called gametocytes are actually pear- 
shaped extracellular bodies which are devoid of pigment, while the 
two figures illustrating schizogony are far from convincing. It seems 
possible that the organism is actually a species of Babesia. 

Plasmodium canis Castellani and Chalmers, 1910. — This is a parasite 
which Castellani and Chalmers (1910) claim to have discovered in dogs in 
Colombo. The figures and description show that it is morphologically 
identical with P. vivax of man, so that it could easily be mistaken for 
this parasite if the source of the blood were not known. Castellani (1924) 
again refers to it, and states that he saw several cases of the infection in 
dogs in Colombo. Though it is said to be a very common parasite, no 
other observer has seen the organism. Owing to the kindness of Mr. 
Burgess of the Bacteriological Institute of Colombo, the writer obtained 
blood-films from 500 pariah dogs. In none of these could P. canis be 
discovered. 

Plasmodium equi Castellani and Chalmers, 1913. — This form, like the 
above, is said to occur in Colombo. It was found in a horse, and is very 
similar to P. canis. It has been recorded by no other observer. 
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PLASMODIA OF BIRDS. 

The malarial parasites of birds (Plate VI., i-io, p. 882) are of special 
interest in connection with the investigations of Ross, R. (18986), who 
demonstrated their complete development in mosquitoes and proved 
that birds become infected by the insects injecting sporozoites which 
collect in the salivary glands. It was these brilliant researches which 
revealed an entirely new cycle of development for Protozoa, and led 
directly to the discovery of an identical cycle for the parasites of human 
malaria. 

Pigmented parasites in the blood-corpuscles of birds were first seen by 
Danilewsky, but Grassi and Feletti (1890) were the first to recognize that 
there occurred in birds a true malarial parasite, which they called Hcema- 
mceha jtrcBCoXj to distinguish it from halteridium (Hcemoproteus), Later in 
the same year Danilewsky (1890) recognized an acute disease in birds, 
but failed to differentiate the parasite from Hcemoproteus, Celli and 
Sanfelice (1891) gave a more accurate description of the organism, 
and were the first to inoculate it to other birds. Laveran (1891) also 
described it, while Danilewsky (1891) gave a detailed description of the 
disease produced by the parasite, which he called Cytosporon malarias 
avium, Grassi and Feletti (1892) worked out the details of its develop- 
ment in birds and grouped it in their genus Hcemamaeba with the similar 
parasite of man. Labbe (1894) gave it the name Proteosoma, which is 
still frequently used in a popular sense. Grassi and Feletti (1890) had 
employed the name Hcemamaeba prcecox, and this seems to be the first 
name given according to the rules of nomenclature. The same observers 
(1891) used the name H, relicta, which is often employed at the present 
time. As the parasite undoubtedly belongs to the same genus as those 
causing human malaria, the correct name for proteosoma, the parasite 
of bird malaria, is Plasmodium prcecox. Some observers (Doflein, 1916, 
Franfa, 1917) retain the generic name Proteosoma for the bird parasite, 
but there seems to be no reason for regarding it as belonging to a genus 
distinct from that of the human parasites. 

P, prcecox is common in birds of tropical and subtropical countries, 
but is also found, though to a less extent, in more temperate climates. 
It has been described from England, France, Germany, Austria, Switzer- 
land, Italy, and South Russia. It occurs also in North America, Japan, 
Sumatra, and Australia, and is common in India, Africa, and other tropical 
countries where birds have been examined. In no place, however, is it 
such a common parasite as halteridium. It is most usually seen in small 
birds, such as the sparrow, finch, and lark, but it also occurs in larger 
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birds, like the pigeon, crow, owl, partridge, duck, domestic fowl, guinea- 
fowl, and others. 

In certain cases distinct names have been given. Johnston and 
Cleland (1909a) gave the name P. passeris to a form seen by them in Passer 
domesticus of Australia, while Novy and McNeal (1904) named the parasite 
seen by them in Merida migratoria of North America P. vaughani. The 
name P. wasielewshii was suggested by Brumpt (1910a) for the form 
seen in the little owl, Athene noctua, which, though morphologically 
identical with P. prcecox, is not inoculable to canaries. P. bizurce is the 
name given by Gilruth, Sweet and Dodd (1910) to the parasite of the 
Australian bird (Bizura lobata), while Laveran and Marullaz (1911) described 
as P. temte a small parasite of the Japanese bird Liothrix luteus. It seems 
very probable that several distinct species occur in birds, but the parasites 
have not as yet been sufficiently studied to justify the separation of species. 

Plasmodium praecox (Grassi and Feletti, 1890). — As with other members 
of the genus Plasmodium^ the whole of the vertebrate cycle of this hsemo- 
sporidian takes place in the red blood-corpuscles. It is very similar to that 
of the human parasites, the difference which occurs being due largely to 
the fact that the red blood-cocpuscles of birds are nucleated (Plate VL, 
i-io, p. 882). The youngest forms are seen as tiny cytoplasmic structures 
in the cells, and when stained by Romanowsky stain, show a blue cyto- 
plasm and red chromatin dot or nucleus. A vacuole is soon formed, and 
the parasite resembles the small rings of P. falciparum. As growth pro- 
ceeds, dark pigment granules appear, and the host cell becomes distorted, 
while its nucleus is displaced to one side or end of the cell, or even out of 
the cell. In this latter respect P. prcecox differs from halteridiiim, which 
develops in the red cell without deforming it or displacing the nucleus 
to any extent. The fully -formed schizont varies considerably in size, and 
there is much doubt as to the period of growth. It is stated to be as long 
as four or five days, but the irregularity of the infection and the fact that 
at any one moment parasites of all stages of development can be seen in 
the blood, would suggest that the growth period may vary. The small 
schizonts, which produce only about six merozoites, may have occupied 
a shorter time to reach maturity than the large schizonts, which pro- 
duce from sixteen to twenty-four merozoites. The small schizonts have 
a diameter of about 4 to 5 microns, while the largest ones occupy about 
half the red cell, the nucleus of which is displaced into the other half, 
the red cell itself being altered in shape and pale in colour. Schizonts 
intermediate in size occur between these extremes. Sometimes two or 
more schizonts occur in a single cell, and it is probable that the large 
schizonts, which have been described as producing as many as thirty-six 
merozoites, are in reality two closely applied parasites. In the mature 
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schizont, the pigment is usually collected into a single dark mass. The 
gametocytes are slightly elongate ovoid bodies about the size of the largest 
schizonts (Plate VI., 9 - 10 , p. 882). They are often broader at one end 
than the other, and have irregularly distributed pigment granules. The 
female stains more deeply and has a more compact nucleus than the more 
faintly staining male. 

The infection in naturally infected birds is usually a light one, but 
in artificial infections, which are readily produced by inoculation of blood, 
it may be very heavy, practically every red blood-corpuscle harbouring 
one or more parasites. In such cases a single field of a blood-film may 
vshow every form and stage of growth of the parasite. In birds like the 
canary these intense infections are frequently fatal, and post-mortem 
there is found to be a marked hypertrophy of the liver and spleen, which 
are very dark in colour. The heart is also enlarged, and the bone marrow 
pale. Sections of the organs show a distribution of pigment similar to 
that found in human malaria. In experimentally infected birds which 
survive, the height of development is reached in eight to ten days, after 
which the parasites become reduced in number and gradually disappear 
completely. There is very little tendency to relapse, as occurs so com- 
monly in human malaria. That relapses do occur has been demonstrated 
by Ben-Harel (1923), who attributes them to a sudden revival in the rate 
of multiplication, which has been continuous throughout the infection, 
and not to the intervention of parthenogenesis or any other peculiarity. 
Laveran and Lucet (1905) attributed to this parasite a fatal epidemic 
which occurred amongst partridges imported to France from Hungary. 

In nature the infection is transmitted from bird to bird by mosquitoes 
of the Culex type. The mosquito with which Ross (18986) first succeeded 
in demonstrating the cycle was probably C, fatigans, and it was with this 
mosquito that Daniels (1899) confirmed Ross’s observations in India 
(Figs. 396, 397). Koch (1899fl), working in Italy, obtained development 
in C, nemorosus {Aedes nemorosus). and Grassi in C. pipiens, Sergent, 
Ed. and Et. (1907), and Neumann (1908a) demonstrated that the complete 
cycle could take place in AHes argenteus (Stegomyia fasciata), but only 
11*4 per cent, of the mosquitoes actually fed became infected. In the case 
of C. pipiens and C, fatigans the great majority became infected. The 
development in A, argenteus proceeded more slowly than in Culex, Sergent, 
Ed. and Et. (1918), showed that a complete development could occur in 
Theobaldia longiareolata, AHes marice, and Culex hortensis. 

The method of development is identical with that of the human 
parasites in anophelines, the time occupied for the completion of the 
cycle varying with the temperature. Working with what was probably 
^•fatigans in Bagdad during the summer, the writer obtained complete 
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development, including infection of the salivary glands, in less than five 
days. Sergent, Et. (1919), carried out experiments on the development 
of P, prcBCOx in C, pipiens under varying conditions of temperature. 
He found that the optimum temperature lay between 20° and 30° C. 
Mosquitoes exposed to 12° C. for the first six hours after the infecting 
feed and then transferred to favourable temperatures rarely became 
infected. With exposure for periods longer than six hours the number of 
mosquitoes subsequently showing infections diminished till after an 
exposure of eight days none became infected. If, after feeding, mos- 
quitoes were kept at a temperature varying between 17*5° and 24° C., 
development took place very slowly, sporozoites not appearing in the 
salivary glands till after the expiry of two months. Sporozoites which 
have already developed in the salivary glands cease to be infective if the 
mosquitoes are kept for five months at a temperature varying from 8° 
to 25° C. 

The number of oocysts varies with the number of gametocytes in the 
blood. In some cases enormous infections of the mosquito’s stomach 
occur, and in one instance the writer noted that the whole stomach wall 
appeared to be replaced by oiicysts, which not only formed a continuous 
layer on its outer surface, but also occurred in the wall itself, the cellular 
elements of which were reduced to a mere network. In other cases only 
a small number or even a single oocyst is found. As already remarked, 
the development in the mosquito is exactly comparable with that of 
the human parasites in anophelines, and calls for no further description 
(Fig. 407). 

Birds which have recently recovered from an infection as judged by 
blood examination are relatively immune to further inoculation, but this 
resistance quickly passes off, so much so that it is supposed that in the 
resistant birds the infection is still present in a mild degree. Sergent, Et. 
and Ed. (1910), claimed to have immunized canaries against infection by 
injecting them with the killed sporozoites obtained from mosquitoes, while 
Sergent, Et., and Hempl (1917) showed that of five canaries which had 
recovered from an infection two and a half years before, only one was 
susceptible to reinoculation. Whitmore (1918), on the other hand, 
believes that no immunity exists after the parasites have completely 
disappeared. He was led to this view by the fact that bird’s blood may 
be still infective to other birds, even when microscopic examination 
failed to reveal the parasite. Sergent, Et. and Ed. (1910, 1921, 19216), 
have studied bird malaria in reference to immunity and treatment. They 
have used strains which were virulent for canaries, in which a relatively 
high percentage of fatal infections occurs after inoculation. They (1921) 
have noted that injection of old sporozoites which have remained in the 
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salivary glands of mosquitoes ((7. pipiens) for some months or sporozoites 
which have been kept some time in vitro protects birds to the extent of 
decreasing the mortality rate. Similarly the inoculation of birds with 
blood drawn during the incubation period before parasites have appeared 
modifies considerably a subsequent inoculation as regards the acuteness 
of the infection. 

That birds can be readily infected by inoculation of blood containing 
parasites was first demonstrated by Celli and Sanfelice (1891), who trans- 
mitted the disease from lark to lark. This experiment was repeated by 
Grassi and Feletti (1891) and Laveran (1891), while Ziemann (1898) 
inoculated the parasite found in the greenfinch into other greenfinches. 



Fig. 407. -Stomach of Culex fatignns, showing Numerous Oocysts of 
Plasmodium prceoox ( x 35). (Original.) 

From preparation made by fixing stomach between slide and cover-glass with Schaiidinn's fluid 

and staining with hsematoxylin. 


Koch (1899, 1899a) showed that the naturally occurring parasite of the 
sparrow and goldfinch was inoculable to sparrows, canaries, goldfinches, 
crossbills, and robins. Ruge (1901) inoculated sparrows and canaries 
with a strain from the sparrow. Wasielewski (1908), obtaining a strain 
from the chafiinch, infected other chaffinches as well as the mountain 
finch, greenfinch, canary, lark, and goldfinch. He also passed the naturally 
occurring parasites of the sparrow, goldfinch, and yellow-hammer to 
canaries, as well as that of the goldfinch to linnets. Ross (18986) had 
already shown that mosquitoes fed on sparrows were able to infect crows 
and larks, so that it is evident that one and the same species of Plasmodium 
IS able to infect a number of different birds. 
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PLASMODIA OF LIZARDS. 

A number of pigmented parasites has been described from the blood 
of cold-blooded animals (Plate XVII., 6-30, p. 982). Some of these belong 
to the genus Plasmodium, as far as can be judged from a knowledge of the 
vertebrate forms only, in that the schizogony cycle and production of 
gametocytes takes place in the red blood-corpuscles. 

Plasmodium agamae (Wenyon, 1909). — This pigmented parasite was first 
seen by the writer (1909) in the red blood-corpuscles of the lizard, Agama 
colonorum, of the Southern Sudan (Plate XVII., 16-20, p. 982). It was 
placed in the genus Hcemoproteus, but as schizonts occur in the red blood- 
corpuscles, it is evidently a member of the genus Plasmodium, as pointed 
out by the writer (1915). The youngest stages are minute bodies, con- 
sisting of blue staining cytoplasm and a chromatin dot. They occur at 
the ends of the red cells. The fully-formed schizonts are 4 to 7 microns in 
diameter and possess up to six nuclei. Male and female gametocytes are 
elongate pigmented bodies measuring about 14 by 4 microns, and they 
lie at the side of the nucleus in the halteridium manner. The red cells, 
which normally measure 13 to 18 by 8 to 12 microns, are not distorted or 
enlarged by the parasite. Flagellation of the male gametocyte, with pro- 
duction of male gametes, was observed. The parasite has also been seen 
in Nigeria by Macfie (1914a), who called it Hoemocystidium agamae, and by 
Adler (1924a) in West Africa, who placed it in the genus Plasmodium. 
Adler found that the schizonts in the red blood-corpuscles gave rise to as 
many as seventy merozoites. 

Plasmodium mabuiae Wenyon, 1909. — Like the last described species, 
this organism is a parasite of a lizard (Mabuia quinquetceniata) of the 
Southern Sudan (Plate XVII., 21-25, p. 982). The youngest stages are small, 
irregular, amoeboid masses of cytoplasm which are closely applied to the 
nuclei of the host cells, and from which they thrust out pseudopodia into 
the cytoplasm of the cell. Pigment is present in the form of fine grains, 
which may be clustered into several groups. The larger schizonts are 
rounded bodies separate from the host cell nucleus. They have a diameter 
of about 5 microns, and contain up to six chromatin dots. Male and 
female gametocytes measure about 8*5 by 5*5 microns. The red cells of 
the host, which measure 15 to 20 by 6 to 10 microns, are not deformed by 
the parasite. 

Plasmodium tropiduri Aragao and Neiva, 1909. — This form is a parasite 
of the Brazilian lizard, Tropidurus torquatus. The usual young and growing 
forms occur. The mature schizonts measure 7 to 8 microns in diameter, 
and produce up to twelve merozoites. Male and female gametocytes 
6 to 9 microns in diameter occur. A slight deformity of the end of the 






jHaemosporidia of reptiles. — 1-5. {Hsmoproteus mesmii of African 
cobras (Naja and Sepedon). 6-15. Plasmodium minasense, 16-20. 
^losmodium agamae. ai-35. Plasmodium mabuiae. 26-30. Plasmodium 
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red cell in which the parasite is found takes place. The close resemblance 
of the parasite to P. prcecox of birds is noted. 

Plasmodium diploglossi Aragao and Neiva, 1909. — The parasite occurs 
in the red blood-corpuscles of the snake lizard, Diploglossus fasciatus, of Rio 
de Janeiro (Plate XVII., 25-30, p. 982). Unsuccessful attempts were made 
by its discoverers to inoculate other lizards {Tropidurus torquatus, Hemidac- 
tylus mabuia, Ameiva surinamensis, and Mabuia agilis). The youngest 
forms of the parasites are minute ring forms not more than 2 microns in 
diameter. As it increases in size, the parasite passes round the nucleus 
of the host cell till it is completely surrounded. Nuclear multiplication 
takes place till as many as forty nuclei are present. The gametocytes are 
similar in shape to the adult schizonts. The normal red cell measures 
15 by 9 microns, but with growth of the parasite it becomes pale in colour 
and enlarged till it measures 19 by 11 microns. The cell, however, is 
not distorted, nor is its nucleus displaced. 

Plasmodium minasense Carini and Rudolph, 1912. — This organism was 
first seen in the Brazilian lizard, Mabuia agilis, in 1912. A form, apparently 
identical from a morphological standpoint, was described by the writer 
(1915) from the iguana {Iguana sapidissima) of Trinidad (Plate XVII., 
P* 982). The schizonts are 4 to 5 microns in diameter and produce 
four merozoites, which are arranged either as a cross with the pigment at 
the centre, or as a fan or cone with the pigment at the apex. The gameto- 
eytes are spherical or ovoid, or more elongate, in which case they lie round 
the nucleus. They may reach a length of 8 to 9 microns, with a breadth 
of 2 to 4 microns. The pigment in all forms is very scanty. Leger, M., 
and Mouzels (1917) described as P. carinii what may be the same species 
from /. nudicoUis of Guiana. The resemblance of this parasite to Babesia 
quadrigemina is very striking (Fig. 426). 


ACTION OF DRUGS ON MALARIAL PARASITES. 

As malaria is such an important and widespread disease of man, 
numerous drugs have been investigated with a view to the discovery of a 
cure. Though arsenic, especially in organic compounds, has a definite 
action on the parasites, particularly P. vivax, the only drugs which can be 
regarded as specifics are the alkaloids which can be extracted from the 
bark of cinchona plants. Of these quinine holds first place, though others, 
such as cinchonine, quinidine, cinchonidine, and quinoidine, are not without 
action on the malarial parasites. It is known that quinine is highly toxic 
to free-living protozoa, and it was naturally imagined that the drug, when 
introduced into the body, acted directly on the malarial parasites them- 
selves. Many authorities, however, believe that the process is not so 
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simple, and that quinine acts indirectly by stimulating the cells of the 
body to produce substances harmful to the parasites, Morgenroth (1918) 
believes that the quinine actually combines with the red blood-corpuscles, 
and that the merozoites are thereby prevented from entering them, so 
that they fall a prey to the leucocytes or other destructive agents in the 
blood. Quinine in the form of its salts in comparatively small doses, 
such as 10 grains or even less, is capable in many cases of causing rapid 
disappearance of the asexual forms of malarial parasites from the blood. 
But, as occurs in the treatment of so many protozoal infections, it is known 
that, though the vast majority of the parasites are destroyed, some survive, 
either because they are peculiarly tolerant of the drug, or are situated in 
places to which the drug cannot gain access. It has been suggested that 
they may escape its action by inclusion in cells other than the red blood- 
corpuscles. Whatever may be the explanation, those parasites which 
survive commence multiplying again, and infections as intense as those 
previously present may supervene. By continued action of the drug this 
reproduction is frequently kept in abeyance, and actual attacks of fever 
or relapse may be prevented. It has been suggested that the continued 
use of quinine will produce qumine-fast strains of malarial parasites 
comparable with the arsenic- and antimony-fast strains of trypanosomes, 
but the evidence for this is not conclusive. Weygandt and Muhlens (1920) 
have noted that quinine quickly gets rid of a malarial infection in an 
individual who has been inoculated from a quinine-resistant malarial 
case. Such an observation suggests that the resistance to quinine is not 
due to the parasite, but to some peculiarity of the particular individual 
infected. It must be remembered that infections may disappear as a 
result of the natural protective processes of the body, and in many cases 
it seems that quinine acts by keeping the number of the parasites at a 
minimum till cure is effected in a natural manner. Quinine is frequently 
taken as a prophylactic during exposure to bites from infected mosquitoes, 
but much difference of opinion as to its value exists. It has been generally 
assumed that if quinine occurs in the blood and body fluids when a mosquito 
injects sporozoites, these are killed by the drug. Though there is no 
evidence to support this view, it still appears to be a fact that, unless 
exposure to infection is very great or extends over long periods, small 
doses of quinine taken as a prophylactic will, in some cases, prevent actual 
malarial attacks in the individuals exposed. It does not necessarily 
follow from this that the sporozoites are killed, for it is just as reasonable 
to suppose that the drug is acting on the earliest intracellular phases in 
the human body after schizogony has commenced. Observations carried 
out by York and Macfie (1924a) during the infection of cases of general 
paralysis are in agreement with this view. They have shown that 5 grains 
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of quinine per diem, if taken before and for a few days after an infected 
mosquito bite, will not prevent infection, but that if it be continued beyond 
the period when the first symptoms would be expected to appear it will 
ward off the attack. 

In connection with the culture of human malarial parasites, reference 
has been made above to the difficulty of succeeding if this is attempted in 
the case of patients who are undergoing quinine treatment. It has also 
been noted that the gametocytes of P. vivax, as regards their capacity for 
development in mosquitoes, are much more susceptible to the action of 
quinine than those of P. falciparum. 

Quinine has generally been supposed to have little or no effect on the 
malarial parasites of animals. Leger, M., and Bouilliez (1913) found that 
it did not affect P. inui in monkeys, though Gonder and Rodenwaldt 
(1910) had noted that the drug definitely controlled infections due to 
P. kochi in these animals. Many observations have been made on the 
influence of quinine on P. prcecox of bird malaria. Employing a strain of 
this parasite, which proved fatal to canaries in a percentage of 30 to 60, 
Sergent, Et. and Ed. (1921c), noted that the daily intramuscular adminis- 
tration of 2 to 4 milligrams of quinine hydrochloride was capable of pre- 
venting the appearance of the acute and heavy fatal infections. Though 
under these conditions parasites could not be found in the peripheral 
blood by microscopic examination, that they were still present was 
proved either by inoculation of other birds or the infection of mosquitoes 
feeding on them. The prophylactic action of quinine was also tested, and 
in this case, again, though the drug prevented the occurrence of acute 
fatal infections, parasites nevertheless established themselves in the body. 
These were proved to be still present after many months of treatment. 
The parasites which persisted gave rise to a milder infection when inocu- 
lated to other canaries, but after two or three passages the strain acquired 
its original virulence. Experiments with arsenobenzol, tartar emetic, 
and other drugs showed that if these had any action at all, it was inferior 
to that of quinine. 

3. Sub-Order: Piroplasmidea. 

In this sub-order are included certain parasites which inhabit red 
blood-corpuscles of mammals, but do not form the pigment (hspinozoin) 
characteristic of members of the genera Hosmoproteus and Plasmodium 
(Plate XVIII,, p. 986). Each parasite consists of a minute portion of 
cytoplasm and a nucleus, and in dry films stained by Romanowsky stains 
it appears as a blue staining cytoplasm and a red staining chromatin portion, 
consisting frequently of a red granule with a string of finer granules 
extending from it. When a vacuole is present in the cytoplasm, as is not 
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infrequently the case, it may be difficult to distinguish from a young ring 
form of a malarial parasite. Whereas the majority of the malarial para- 
sites reproduce by a process of schizogony and give rise to a fairly large 
number of merozoites, the piroplasmata reproduce by a division into only 
two or four daughter individuals. However, certain members of the genus 
Plasmodium, as, for instance, P. minasense of lizards (Plate XVIL, 6-15 
p. 982), divide into, or rather bud off, four merozoites only, and were it not 
for the pigment which is present, it would be impossible to distinguish 
these from certain piroplasmata, such as Babesia quadrigemina (Fig. 426) 
and Achromaticus vesperuginis (Plate XVI., 28 - 32 , p. 974), which reproduce 
in a similar manner. These forms appear to stand as a connecting link 
between the Hsemosporidiidea and the Piroplasmidea. 

A parasite of cattle (Theileria parva), the cause of East Coast fever, 
differs from other piroplasmata in that a definite schizogony process 
occurs, not in the red blood-corpuscles, but in the internal organs within 
cells which are probably endothelial in nature (Fig. 428). The schizonts 
(Koch’s blue bodies) produce a large number of merozoites, and on this 
account it is impossible to group this form with the members of the genus 
Babesia, which reproduce only ir the red blood-corpuscles (Plate XVIII., 
31 - 38 , p. 986). 

Smith and Kilborne (1893) published an account of the transmission 
by ticks of Babesia bigemina,t\i% cause of Texas or red-water fever of cattle. 
They not only made the remarkable discovery of the possibility of trans- 
mission of protozoal parasites by arthropod hosts, but also noted that the 
virus passed through the egg of the tick, thus causing the succeeding 
generation which hatched from the eggs to be infective. Though the 
method of transmission was thus discovered, the actual development of 
the parasites in the body of the invertebrate has not been traced. On 
this account it is not possible to assert that gametocytes are jiresent in 
the red blood-corpuscles of the vertebrate host, though this is probable. 
If it be assumed that this is the case, then the grouping of the piroplasmata 
in the two families, BabesiidaB and Theileriidae, corresponds with the sub- 
division of the pigmented hsemosporidia into the two families, Plasmodiid® 
and Hsemoproteidse. In the one the red cells contain asexually reproducing 
forms and gametocytes, while in the other the red cells contain only game- 
tocytes, the schizonts occurring in the endothelial cells of the vessels. 

Some piroplasmata, as, for instance, Babesia bigemina of cattle and 
B. canis of dogs, are relatively large, whereas others, such as B, mutans 
of cattle, are very small, so much so that there is great difficulty in making 
out the details of their structure. The larger forms, if round, may have a 
diameter of 3 or even 4 microns, or, if elongated, they may extend from 
one side of the red corpuscle to the other. The smaller forms may be 





PLATE XVIII. 

Various Specibs of BabesUt and Theil&ria as seen in Dried Blood-Films (1-35) 
AND Spleen Smears (36-38) stained with Romanowskt Stains, ( x 2,000). 

1*5. Babesia eanis. 

6*10. Babesia bigemina, 

11*15. Babesia bavis, 

16-20. Babesia mutisns. 

21-25. Babesia eabaOi, 

26-30. Babesia equi* 

31-35. TheUeiria paroa, blood formB. 

36-38. Theileria parva, sohisontB in spleen. 

(Original.) 
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barely 1 micron in diameter. In some of the latter, the cytoplasmic 
portion is much reduced or may appear to be absent, so that they approach 
in appearance the anaplasmata, which occur in the red cells as red staining 
granules (Fig. 438). 

It has been clearly demonstrated that cattle are liable to infection 
with at least three species of Babesia (B, higemina, B. bovis, and B. mutans), 
in addition to Theileria parva. Parasites like J5. bigemina, which causes 
red- water fever in cattle, were noted by Guglielmi (1899) and Laveran 
(1901) to give rise to a similar disease in horses. Dreyer (1910) seems to 
have been the first to realize that two types of infection occurred in horses, 
the one producing red-water and the other not. The parasite occurring in 
the latter condition was studied by Laveran (1901), who named it Piro- 
plasma equi. It is a smaller parasite, and differs morphologically from 
that producing red- water fever, which was named P. caballi by Isuttall and 
Strickland (1910, 1912). They proved by experiments that an animal 
which has recovered from an infection with one of these parasites was not 
reinoculable with the same parasite, but succumbed to an infettion with the 
other. Similar experiments were conducted with like results by du Toit 
(1919) in Italy. From the work of Lestoquard (1924, 1925) it appears that 
sheep and goats are liable to infection with a series of parasites which 
correspond very closely with those of cattle. Many other forms have been 
described, but in most cases very little is known about their structure 
and life-history. 

The first piroplasm to be discovered was the one observed by Babes 
(1888) in the red blood-corpuscles of Roumanian cattle. He stated that 
it resembled a Gonococcus, Later (1889) he referred to it as Hmnatococcus, 
and again (1890(i) as “ microcoque de rhemoglobinurie ou hematococcus.'^ 
He appeared to have had no intention of naming the organism, and used 
the term llcenmtococcus as meaning a coccus of the blood. In any case, 
the name Hccmatococcus had been previously used for a flagellate (Fig. 131). 
Babes (1890) claimed to have isolated the organism in culture, but he was 
confusing it with bacteria which grew in the media used. Babes (1892) 
again refers to “ rh<5niatococcu8 de Th^moglobinurie du bceuf,’^ and 
describes as “ rii^matococcus du mouton ” a similar parasite of sheep. 
Smith and Kilborne (1893) then gave the name Pyrosoma bigeminum to the 
parasite of Texas fever of cattle, overlooking the fact that the name 
Pyrosoma had been given previously to an Ascidian. Starcovici (1893) 
discussed the nature of these parasites, and gave to the forms discovered by 
Babes the names Babesia bovis and B, ovis, Wandolleek (1895), objecting 
to the name Pyrosoma^ not because of its previous use, but because its 
derivation does not signify “ pear-shaped,’’ as Smith and Kilborne 
intended, proposed the generic title Apiosomot while Patton, W. H. (1895), 
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suggested the name Piroplasma, which has been in use for a number of 
years. There can be no doubt, however, that Starcovici’s name Babesia 
is the correct one for these parasites, and that he was the first actually to 
name the organisms studied by Babes. 

Parasites very similar to those producing red-water fever in cattle 
were described by Babes (1892) from sheep, by Piana and Galli-Valerio 
(1895) from dogs, and by Guglielmi (1899) from horses. Owing to the 
fact, not realized by the early observers, that cattle, horses, and sheep 
are liable to infection with more than one species of parasite, some con- 
fusion naturally arose. Koch (1898) observed the forms now known as 
Theileria parva in cattle in Africa, and regarded them as young forms of 
B. bigemina. Later (1903), immunity experiments convinced him that 
two distinct parasites were involved. Theiler (1904-1907) then investi- 
gated the small parasites of cattle, and discovered that there were actually 
two species, one of which he named P. mutans, a comparatively benign 
organism, and the other P. parva, the cause of East Coast fever. 

Subdivisions of the Piroplasmidea. 

All the piroplasmata of cattle, horses, sheep, and other animals were 
at first placed in the genus Piroplasma (or Babesia), Attempts were then 
made to divide the group into a number of genera, but this, in the writer’s 
opinion, has led to the utmost confusion. As regards the parasites of 
cattle, of which there are three well-defined species (P. bigemina, B, bovis, 
and B, mutans), these have been placed in three distinct genera. Betten- 
court, Fran§a and Borges (1907) concluded that the small parasites which 
had been named P. parvum and P. mutans by Theiler belonged to a 
different genus, for which the name Theileria w^as proposed. This genus 
was based on the characters of the forms in the red blood-corpuscles, which 
are very similar in the two species. The former, however, reproduces by 
schizogony in the internal organs,* and the latter, like the other members 
of the genus Babesia, in the red blood-corpuscles. Consequently, the 
genus Theileria was reserved for the form named by Theiler P. parrvm, 
the cause of East Coast fever, while the other parasite was returned to the 
genus Babesia. From Babes’ descriptions it appears probable that the 
parasite of cattle studied by him was chiefly the one of intermediate size, 
for which Starcovici’s name Babesia bovis has priority. If it be accepted 
that all these parasites belong to one genus, then the largest form is 
B. bigemina, that of intermediate size B. bovis, and the smallest B. mutans, 
Du Toit (1918) believes that the large form should be placed in a distinct 
genus, for which he employs the name Piroplasma, given by Patton, W. H. 
(1896), to the large parasite studied by Smith and Kilborne. The small 
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form, again, he places in a distinct genus, for which the name Gonderia 
is proposed. Some observers believe that the generic name Babesia 
should be reserved for the largest parasite, and not for the one of inter- 
mediate size. Accordingly, Sohns (1918) proposed to place the one of 
intermediate size in a new genus, Microbabesia, while Mesnil (1919) sug- 
gested yet another name, Babesiella, for this parasite. According to du 
Toit, the parasites of cattle are P. bigeminum, B. bovis, and G, mutans, 
while other writers name them B, bigejnina, Babesiella bovis, and G, ntutans. 
It will thus be seen that the position regarding the correct nomenclature 
of the parasites of cattle is extremely complicated, and it seems to the writer 
that nothing is to be gained by placing them in different genera. They 
will be regarded as belonging to the one genus. Babesia, the type species of 
which is B. bovis. As regards the parasites of horses, of which there are 
two well-defined species (B. caballi and J5. equi), Franca (1910) placed the 
small form in a distinct genus as Nuttallia equi. while the larger one is 
retained in the genus Babesia by some observers, though du Toit places it 
in the genus Piroplasma with the largest of the three parasites of cattle. 
Lestoquard (1925) has shown that sheep are liable to infection with three 
species, which correspond with the three forms in cattle. Placing these 
in different genera, he recognizes P. ovis, Babesiella ovis, and G. avis. 
His reason for doing so appears to be chiefly a desire to bring the parasites 
into line with the corresponding ones of cattle, which are presumed to 
belong to these three genera. They will be regarded here as belonging to 
the one genus, Babesia. Nicolle (1907) discovered a parasite in the gondi 
in Tunis, and named it P. qaadrigemina. Nuttall (1908) placed it in a 
new genus, Nicollia, Another form wa.s discovered by Nuttall (1910) in 
the jackal (Canis adastas) of British East Africa, and was subsequently 
(1912) placed by him in a separate genus as Rossiella rossi. Another 
aenus, Smithia, was created by Franca (1910) for a parasite (S. microti) 
of a vole (Microtas incertas) of Portugal, while Carini and Maciel (1914a) 
gave the name Kangelia vitalii to a form which was pathogenic for dogs in 
Brazil. These four names {NicoUia. Rossiella. Smithia, and Rangelia) will 
be regarded as synonyms of Babesia. A non-pigmented parasite of bats, 
discovered by Dionisi (1898), and named by him (1899) Achromaticus 
vespernginis, probably belongs to the genus Babesia, though a parasite of 
moles, first described by Thomson, J. D. (1906), and named EUeipsisoma 
thomsoni by Fran9a (19126), may be sufficiently distinct to justify its 
inclusion in a separate genus. 

From the above account it will be clear that there is little agreement 
regarding the nomenclature of the piroplasmata. Franfa (1917, 1918) gave 
a detailed account of the classification of these parasites, and recognized a 
number of genera. Franfa's classification was modified by du Toit (1918) 
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and new genera introduced. Though the writer believes that these genera 
are not valid, du Toit’s system will be considered, as many writers accept 
it either as he gave it or in a modified form. In his system du Toit 
correctly recognizes two families, the Babesidse and Theilerid©, which 
have already been defined. They are subdivided as follows: 

Family: BABEMlDM Poche, 1913. 

1. Genus: Babesia Starcovici, 1893. — Parasites which assume the 
pear shape, and become arranged in couples in the cells. Reproduction 
is by division into two. 

(a) Sub-Genus: Babesia (Starcovici, 1893). — Small forms under 2*5 
microns in length. They are mostly of irregular form, though the charac- 
teristic pear-shaped individuals sometimes occur. Multiplication is by a 
simple division into two. Includes B. bovis (B. divergens), B. ovis, B, argen- 
tina, B. mtiriSy B,gibsoni, B. soricis. (For these forms Sohns(1918)suggested 
the generic name Microbabesia, and Mesnil (1919) the name Babesiella,) 

(b) Sub-Genus : Piroplasma (Patton, 1895). — Larger parasites over 
3 microns in length, and containing two nuclei, one large and the other 
small. The typical form is the pear-shaped couple. Division into two 
takes place by a budding process. Includes P. bigeminum^ P. canisy 
P. pitheciy P. avicularisy P. leporis, P. caballi, P. trautmanni, 

2. Genus: Nicollia Nuttall, 1908. — Parasites which are ovoid or pear- 
shaped and have two nuclei. Division into four, producing a four-leafed 
arrangement in the cell. Includes Nicollia quadrigemina, 

3. Genus: Nuttallia Fran 9 a, 1910. — Parasites which are ovoid or pear- 
shaped. Division into four, producing the cross arrangement. No typical 
rod forms. Includes N, equi, N, herpestidis, N, ninensisy N, asiniy N, muris, 
N. microti y and unnamed species from Transcaucasian sheep and horses 
and Gervus aristotelis. 

4. Genus: Smithia Fran 5 a, 1910. — Parasites which become pear-shaped 
and stretch completely across the red cell. There is no tendency to 
arrangement in couples. Division in the cross form. Includes S. microti 
and S, talpcB. 

5. Genus : Rossiella Nuttall, 1912. — Parasites of large size and rounded 
form. One to four in each red cell. The nucleus is large and round. 
Division by fission into two. Includes B. rossi, 

6. Genus: Gonderia du Toit, 1918. — Parasites of small size and 
rounded form. Division into four in the cross arrangement. The 
daughter forms are composed mostly of chromatin. Includes G. mutansy 
G. dama, G. hirciy G, celliiy G, hippotragiy G, buffeliy G. stordiiy G, brimontiy 
and unnamed species from Cephalopus grimmi, Rangifer tarandusy Gazella 
sp., and Congo sheep. 
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Family: THEILERIID^E. 

1. Genua: Theileria Bettencourt, Franja and Borges, 1907. — Parasites 
of a round or rod form. Multiplication by division into two in the 
red cells or by schizogony in cells of the lymphatic system. Includes 
T. parva, T, annulata, T. ovis, T. tachyglossiy and an unnamed form from 
the eland. (There is no real evidence that multiplication in the red cells 
occurs.) 

2. Genua: Rangelia Carini and Maciel, 1914. — Parasites which are 
round, oval, or pear-shaped. Multiplication by division into two in the 
red cells or by schizogony in the endothelial cells. Includes R, vitalii. 

The parasites included in the genera mentioned above agree with one 
another in that they consist of cytoplasm and chromatin, and are devoid 
of pigment, and it seems to the writer that there are insufficient grounds 
for the recognition of numerous genera, which are based chiefly on 
difference in size and shape, and on the method of division into two or four 
daughter individuals, and the arrangement and position of these in the 
cell. Tlie genus Plasmodium includes forms which produce sixteen, eight, 
or only four merozoites. These are arranged either irregularly, in definite 
rosettes, or in a fan-like manner within the red cell. The parasites may 
be large, as in the case of P. vivas, or small, as in P. falciparum. If the 
various non-pigmented parasites are divided into different genera according 
to these characters, the genus Plasmodium itself would have to be similarly 
split up. It seems that there is nothing to be gained by such subdivisions, 
especially when it is realized that in no single instance is the complete 
cycle in the invertebrate known. In du Toit’s classification, the three 
parasites of cattle are placed in different genera under the names Piro- 
plasma bigeminum, Babesia bovis, and Gonderia mufans. The chief 
di.stinc'tion between these is size. In B, bovis the arrangement of pear- 
shaped forms in couples is said to occur rarely, a feature which is given as 
a generic character. It is further stated that this parasite reproduces by 
simple division into two, instead of by the budding process seen in P, bige~ 
miuum. From what the writer has seen, B, bovis multiplies in the same 
way as P, bigeminum, G, miUans is said to be round in form and to 
divide into four, but pear-shaped parasites are also found, while division 
into two as well as four occurs. It seems, therefore, impossible to 
name any definite characters which will separate these three genera, 
and the same remark applies to the others. The sub-order Piroplasmidea 
will, therefore, be considered as comprising two families and two 
genera only. 

1. Family; BABESiiD.® Poche, 1918. — Parasites which multiply in 
^he red blood-corpuscles by division into two or four. They are of 
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varying size and shape, and have a tendency to arrangement in couples 
of pear-shaped individuals. The forms in the corpuscles are asexually 
reproducing individuals, and possibly gametocytes. 

Genus: Babesia Starcovici, 1893. 

2. Family: THEILERIID^. — Parasites which multiply by schizogony 
in endothelial cells of the vessels, and finally invade the red cells, within 
which they occur as round, ovoid, rod-like, or irregular forms. They 
show no tendency towards a paired arrangement. The forms in the red 
blood-corpuscles do not reproduce, and are possibly gametocytes. 

Genus: Theileria Bettencourt, Franja, and Borges, 1907. 

1. Family: BABESiiDiE Poche, 1913. 

In this family are included the non-pigmented parasites of the red 
blood-corpuscles of mammals, which reproduce within these cells by 
division into tw'o or four daughter individuals. It is probable that certain 
forms are gametocytes. The species which have been properly studied 
can all be placed in the genus Babesia, which has the characters of the 
family. 

BABESIA OF CATTLE. 

A number of different species of piroplasmata have been described 
from cattle. The fact that the dimensions of any individual species may 
vary shows that size alone is of little value in the separation of species. 
Brumpt (1920) pointed out that a single species varies to a certain extent 
as it passes from one animal to another, while Rosenbusch and Gonzalez 
(1925) have noted in Brazil that races of B, bigeviina from different 
localities vary morphologically. 

It has been shown, however, by Theiler, M’Fadyean and Stockman, 
Lignieres and Brumpt that animals which have recovered from an 
infection with one species may be infected by direct inoculation of blood 
or by the tick with another species. It has already been pointed out that 
such immunity tests are unreliable as a means of separating trypanosomes, 
and undoubtedly the same fallacies occur in the case of the piroplasmata. 
Immunity tests will separate distinct species, but different races of a single 
species may give similar results. This appears to have been clearly 
demonstrated by Rosenbusch and Gonzalez (1925) in Brazil. They 
studied the disease of cattle known as tristeza, which is caused by a 
parasite corresponding with B, bigemina. It was found that not only did 
the parasites from different localities vary morphologically, but that 
cattle which had recovered from an acute infection due to a strain from one 
locality were immune to this particular strain, but could be infected with 
strains from other localities. As will be shown below, R. cams of dogs of 
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French origin will not protect these animals against the North African 
virus, with which it is morphologically identical, so that if the immunity 
reactions are relied upon as a test of species amongst the piroplasmata, 
then morphologically identical forms will soon be split up into a multi- 
plicity of species, as has occurred in the case of the trypanosomes. 

As noted above, there are three fairly well-defined species of Babesia in 
cattle — viz., B, higemina^ B. bovis, and B, mutans (Plate XVIII., 6-20, 
p. 986). B. bigemina is a comparatively large organism, and rounded 
forms may have a diameter of half that of the red cell, while the elongate 
and pear-shaped forms are longer than this. B. mutans is a minute 
parasite, which is usually about *5 to 1 micron in diameter, while B. bovis 
occupies an intermediate position. 

Babesia bigemina (Smith and Kilborne, 1893). — This parasite was first 
observ^ed by Babes (1888) in what Brurapt believes to be a mixed infection 
with B. bovis. The organism was first accurately studied in America by 
Smith and Kilborne (1893). who made the remarkable discovery of its 
transmission by ticks, an observation which demonstrated for the first 
time the role of arthropods in the carriage of protozoal diseases. As the 
tick in question {Margaropus annulatus) remained fixed to one host during 
all its stages of development, and only dropped off at the end of its life 
to lay eggs, it was evident, as they demonstrated, that the infection passed 
from the parent tick to the offspring through the egg. 

Morphology. — B. bigemina is the largest of the piroplasmata of cattle 
(Plate XVIII., 6-10, p. 986, and Fig. 408). Round, oval, irregular, and pear- 
shaped forms occur. The arrangement of pear-shaped individuals in couples 
is characteristic of this species, as it is of the others, but the individuals of 
each pair lie more closely together, and do not show the same divergence of 
the blunt extremities. The round forms have a diameter of 2 to 3 microns, 
while the elongate ones may have a length of 4 microns, and extend across 
the diameter of the red blood-corpuscle, which in cattle measures from 5 to 6 
microns. Occasionally, instead of two, four pear-shaped forms are arranged 
in a fan-like manner. Multiplication takes place by a characteristic budding 
process, as was described by Nuttall and Graham-Smith (1908) for this and 
other species. The nucleus, of a rounded form as seen in dried films, is de- 
scribed as consisting of a granule of chromatin and a string of finer granules 
extending from it. This string of fine granules increases in length at the 
expense of the large granule, which itself increases in size. Finally, the 
string of granules bifurcates, and the extremities of the limbs thus formed 
extend into two small buds of cytoplasm which appear on the surface 
of the parasite (Fig. 408). These buds increase in size, become pear- 
shaped, and absorb the cytoplasm from the body of the parasite. Event- 
ually there result two pear-shaped individuals attached by their pointed 

n. 64 
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extremities to a small portion of cytoplasm, which is all that is left of the 
parent. In this the granule of chromatin is still present, and from it 
there extends a string of granules into each daughter pear-shaped form. 
The chromatin granule then divides, and by absorption of the remaining 
cytoplasm two separate pear-shaped parasites result. In each of these 
there is a chromatin granule near the pointed end, while a string of 
granules extends towards the blunter end. Occasionally four instead of 
two buds are formed in a similar manner and four daughter forms arise. 
These pear-shaped parasites may apparently leave the red cell and enter 
others, where they become more or less rounded forms which, after some 
increase in size, during which they may exhibit amoeboid movements, 



Fig. 408 . — Babesia higemina of Cattle: Method of Multiplication by Bud- 
ding IN Bed Blood-Corpuscles ( x cn, 3.000). (After Nuttall and 
Graham-Smith, 1908 .) 


commence to divide again by the peculiar budding process. After their 
formation the pairs of pear-shaped individuals remain united for some 
time by their pointed extremities, which are often drawn out into fine 
filaments, at the point of union of which a small deeply-staining granule 
may occur. The details of nuclear division and bud formation in this and 
other species of Babesia have only been studied in dried films, so that 
little reliance can be placed on the appearance of the nuclear changes. 
It has not actually been established that the string of granules belongs to 
the nucleus. They may in reality be extra-nuclear structures. As 
regards the formation of daughter individuals by a process of budding, 
it must be remembered that this process is not peculiar to the piroplasmata. 
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It is of general occurrence amongst the Sporozoa, for when merozoites 
are being formed, this usually takes place by the formation of small buds 
on the surface of the schizont, which gradually increase in size till they are 
fully formed. The merozoites remain attached to the remains of the 
cytoplasm of the parent for some time, till finally it is completely absorbed 
into the merozoites or the merozoites separate from a residual body. 
Sometimes the buds are formed from the ends of the schizont only, while 
at other times they arise uniformly all over the surface. The process 
occurs in the coccidia, and is seen also in the malarial parasites. The 
formation of the sporozoites in the oocysts of malarial parasites takes place 
in a similar manner, so that it is exceedingly 
doubtful if there ever occurs a sudden 
segmentation into merozoites or sporo- 
zoites, as descriptions often imply. The 
process, as seen in B. bigemina, is peculiar 
in that only two, instead of the usual large 
number of buds, are formed. 

The number of parasites present in the 
blood of an animal infected with B. hige- 
mina varies considerably. There may be 
very few, so that they are found with 
difficulty, or they may occur in over 50 per 
cent, of the red cells. It is only occasion- 
ally that as many as four parasites occur 
in a single cell. As is the case with other 
species, B. bigemiua remains in the blood 
of clinically recovered animals for many 
years after its apparent disappearance, as 
tested by microscopical examination, for inoculation of blood will bring 
about infection in animals which have not previously had the disease. 

Transmission. — The transmitting hosts of B, bigemina are ticks of 
the genus Margaropus (Boophilus), Smith and Kilborne (1893) in 
America demonstrated the role of 3/. anttulatus (Fig. 409). This tick is 
limited to the districts south of latitude 35®, which is also the northern 
limit of hffiinoglobinuric fever of cattle. In South Europe and the 
Caucasus, M. calcaratus, which is confined to areas south of latitude 
44®, appears to be the vector. In Central Africa, 3/. decoloratvs was proved 
to convey the disease by Koch (1898, 1898a), and Laveran and Vallee 
(1905). In North Africa, M, calcaratus was found to be the vector by 
Bruinpt (1920), while M, australis was incriminated in Australia by Pound 
and Hunt (1896), in Venezuela by Lignieres (1901) and Ziemann (1902), 
in Brazil by Brumpt (1920). With ticks belonging to genera other 



Fig. 40{^.—~Margaro2ms annula- 
(us ( 9 ), THE Transmitter 
OF Babesia higemina and 
B. mutans ( x 10). (Original.) 
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than Margaropus, some positive transmission experiments have been 
recorded. Theiler (1909) succeeded with Rhipicephalus appendiculatuSy a 
tick which, unlike the species Margaropus, lives on different hosts in the 
larval, nymphal, and adult stages of its development. Larvae or nymphs 
taken off infected cattle produced infections in other cattle on which they 
were placed after becoming nymphs or adults respectively. This tick 
also appears to be a vector in South and Central America. 

Clark (1918) found that in Panama the white-tailed deer {Odocoihtis 
chiriquensis) occasionally harbours j5. bigeminay as also do cattle in this 
locality. Clark and Zetek (1925) collected large numbers of ticks 
(M. australis) from slaughtered cattle, in the brain smears of which B, h'lge- 
mina was demonstrated. The offspring of eggs laid by these ticks were 
then allowed to feed on a healthy calf and on a deer. Both animals 
acquired a mild infection of B, bigemina. It appears, therefore, that 
the tick is responsible for spread of infection amongst cattle and deer. 

In Northern Europe, Knuth (1915) has noted that a parasite of cattle 
morphologically indistinguishable from B, bigemina is transmitted by 
Hcemaphy sails punctata. Ticks of the genus MargaropuSy the usual vectors 
of B. bigemina, do not extend so far north, and this fact, together with the 
frequency of death of infected animals from rupture of the spleen, has led 
to the view that the organism is a distinct species. Nicolle and Adil Bey 
(1899) noted that in Constantinople cattle infected with B. bigemina not 
infrequently died from the same accident, so that there is no real evidence 
that a distinct species is represented, as indeed Brumpt (1920) points out. 

Cycle in the Tick. — Very little is known of the actual development 
in the tick. Koch (1906a) noted that in the stomach of the tick the pear- 
shaped forms escaped from the red cell, became amoeboid, and threw out long 
spiky pseudopodia (Fig. 410, A-J). These amoeboid forms were described 
as associating in pairs, giving rise to elongate bodies having two nuclei, and 
spiky pseudopodia at their extremities. Fusion of the two nuclei was then 
supposed to take place, and the pseudopodia were withdrawn. Forms 
of a similar nature were described by Dschunkowsky and Luhs (1909, 
1909a), but it seems very doubtful if the amoeboid forms are essential 
stages in the development, and in his account of the development of 
B. canis in the tick Christophers expresses the same opinion. 

Symptoms and Pathology. — The disease, red-water fever, occurs in 
an acute or chronic form. Cattle first show symptoms from one to two 
weeks after exposure to infection. There is fever and passage of urine 
coloured red by haemoglobin, resulting from the rapid destruction of red 
blood-corpuscles and the excretion of haemoglobin by the kidneys. The 
blood becomes thin, pale, and watery, and the number of red cells falls 
from a normal of seven million per cubic millimetre to one million or even 
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less. The animals quickly become jaundiced, owing to the conversion of 
excess of free haemoglobin into bile by the liver. Death may occur in a 
week or ten days, or a gradual recovery may take place. At post-mortem 



Fig. 410. — Developmental Stages of Babesia higemina and Babesia canis in 
Ticks, as described by Kocii and Christophers ( x 2,000). (A-J after 
Koch, 1906; K-M after Christophers, 1907; from Minchin, 1912.) 

A-C. FormB of B, higemina with radiating pseud(modia. D-(i. Union of gametes. 

H-J. Spherical forms (zygotes ?). K-L. Motile zygotes (ookinetes) of B. canis, 

the changes associated with extreme anaemia and jaundice resulting from 
rapid blood destruction are found. The subcutaneous tissues are stained 
with bile and the muscles pale. The spleen is much enlarged, and of a 
slaty colour externally and bluish-red in section. The liver, which is also 
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enlarged, is of a brownish-red or yellow-brown colour in section. The 
kidneys are swollen, and are reddish-brown in colour. The epithelial cells 
of the tubules are swollen and granular, while the lumens of the tubules 
contain casts and granules of bood-pigment. The bones show extension 
of the red marrow, which is deeply congested. 

If animals survive the acute stage of an infection with B, higemina 
they recover, after which it is often impossible to discover parasites by 
direct examination, though by inoculation of blood to new animals the 
persistence of parasites for many years can be demonstrated. As was 
first shown by Nicolle and Adil Bey (1899), any intercurrent infection is 
liable to light up these latent infections, so that parasites again become 
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Pig. 411. — Babesia bovis of Cattle: Method of Multiplication by JIuddixg in 
Red Blood-Corpuscles ( xca. 3,000). (After Nuttall, 1913, from Parasit- 
ology, vol. vi., p. 305.) 

plentiful in the blood. This fact has to be borne in mind when the 
organisms are discovered in the blood of sick animals, as their presence is 
not necessarily an indication of a recent infection. 

Babesia bovis Starcovici, 1893. — Babes (1888) described the organisms 
which he discovered in the blood of cattle which had died of haeraoglo- 
binuric fever. According to Vrijburg (1918) and Brumpt (1920), Babes 
was dealing with mixed infections of two distinct types of piroplasma, 
B. bovis and B, bigemina, for one of which Starcovici^s specific name may 
be retained. J5, bovis is a parasite of European cattle, and occurs in all 
parts of the Continent. 

Moipliology. — B, bovis is a comparatively small organism, the largest 
forms having a diameter of not more than 1-5 microns (Plate XVIIL, 
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11-15, p. 986, and Fig. 411). The nucleus, as seen in dried films stained 
by Romanowsky stain, appears as a red dot, extending from which may 
be a string of fine granules. There occur round, ovoid, pear-shaped, or 
more irregular parasites, and there is a tendency for them to be situated 
near the margin of the red cells. Two pear-shaped individuals are often 
seen lying with their pointed ends near together or in contact, and in 
this condition the blunt ends diverge considerably from one another or 
the two parasites are in line, the blunt ends pointing in opposite directions. 
It was on this account that M’Fadyean and Stockman (1911) proposed 
the name Piroplasma divergens for this parasite. Very small forms also 
occur in which very little cytoplasm can be detected, and Brumpt states 
that in some nothing but the chromatin granule is visible, the parasite 
then having the form of an ana- 
plasma. B, bovis is a distinctly 
smaller parasite than B, bigemina, 
which it resembles in the method 
of its multiplication. Sohns (1918) 
suggested the name Microbabeaia 
divergens for this parasite, while 
Mesnil (1919) suggested for it 
and other similar forms of inter- 
mediate size the generic name 
Babes iel la, 

Stockman and Wragg (1914) 
were able to demonstrate that 
animals which had recovered from Fig. 412 . — Ixodes ricinm ( 9 ). the Trans - 
infections due to B, bigemina were mitter of Babesia bovis ( x 20). (Ori- 
still liable to infection with B, bovis oixal.) 

{P. divergens), and Brumpt has shown that animals which have recovered 
from an infection of B, bovis are still susceptible to B, argentina. 

Transmission. — In nature B, bovis is carried by the tick, Ixodes ricinus 
(Fig. 412), as was first showm by Kossel, Weber, Schutz and Miessner 
(1904). These observers infected cows by exposing them to the bites of 
larv» which had developed from eggs laid by ticks collected from infected 
animals. They also show’ed that if larva* were allowed to feed on infected 
animals, the resulting nymphs w^ere capable of transmitting the infection, 
though, as Brumpt remarks, the larv® may have been already infective 
before feeding. Brumpt was able to produce an infection in a calf by 
allowing it to be bitten by a nymph which was either hereditarily infected 
or had contracted an infection as a larva. Stockman (1908), using the 
tick Hmmaphysalis punctata in England, w’as able to transmit an infection 
by means of adults which had fed as nymphs on infected animals, but 
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there is some doubt as to whether he was working with 5. hovis or B, bige- 
mina. It seems clear, therefore, that Ixodes ricinus is the normal trans- 
mitting host, and that the virus passes through the egg of the adult tick 
to the succeeding generation. Nothing is known of the development in 
the tick. 

Symptoms and Pathology. — Febrile symptoms appear in five to twenty- 
eight days after exposure to infection, and two to three days later 
haemoglobinuria occurs. This is followed by progressive anmmia, accom- 
panied by general weakness. The parasites occur in large numbers in the 
blood. The symptoms are much milder in young than in old animals, and 
hsemoglobinuria is seldom observed in those under eighteen months old. 
The mortality varies from 6 to as much as 50 or 60 per cent., according to 
the locality and the conditions prevailing. Post-mortem examinations 
reveal congestion of the organs and marked enlargement of the spleen and 
liver. The kidneys are deep red in colour, and on section show degenera- 
tion of the epithelium of the tubules, which are blocked with cells, casts, 
and d4bris containing granules of haemoglobin. The pyloric opening of the 
stomach and the mucous lining of the intestine show numerous ecchymoses. 

Parasites which may be merely Races of B. bovis. — Lignieres (1901) 
in the Argentine gave the name B. argentina to a parasite which closely 
resembles JB. bovis. According to Brumpt (1920), it differs in that the 
organisms are always scanty in the blood, and may be difiicult to find, 
while they do not show the same tendency to be near the margin of the 
red cell. The same types of parasite occur in the two species, which could 
not be definitely distinguished were it not for the evidence of immunity. 
Vrijburg (1918), while studying B. bovis in Holland, came to the conclusion 
that it was identical with B, argentina, and that the immunity test was 
an insufficient basis for the separation of the species. Sohns (1918), in 
the Dutch East Indies, stated that JB. bovis, B. divergens, and B, argentina 
were one species, and, ignoring the rules of nomenclature, proposed to 
rename the parasite Microbabesia divergens. , 

Lignieres (1901) proved that B. argentina was conveyed by the tick, 
Margaropus australis. Working in France, Brumpt (1920) was able to 
infect animals with ticks of this species which he had received from Brazil. 
The symptoms are similar to those produced by B. bovis, but the mortality 
rate appears to be higher. Anaemia is never intense, even in cases in 
which haemoglobinuria is very pronounced. Brumpt showed that animals 
which had recovered from an infection of JB. bovis were susceptible to 
infection with B. argentina. Lignieres stated that infections with B argen- 
tina and B. bigemina protected against each other. 

Sergent, Ed., and his collaborators (1924), working in Algeria, have 
noted a piroplasmosis of cattle which is due to a parasite resembling 
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J5. hovis in size, but differing from it in that the parasites occur in the blood 
only in small numbers, even during the acute stage of an infection; that 
the forms at the margins of the red cells, so common in B. bovis infections, 
are absent ; and that trypan blue fails to have any therapeutic action. On 
this account they regard it as a new species, which they name Babesiella 
berbera, using the name Babesiella bovis^ as suggested by Mesnil (1919), for 
the well-known form, Babesia bovis, described above. Babesia berbera 
differs from B, argentina in that the symptoms produced by experimental 
inoculation are mild, that anaemia follows an acute attack, that trypan blue 
has no action, and that an infection does not protect against B. bigemina. 



/I /s /J 

Fig. 413, -'Babesia mntans from the Blood of Cattle ( x cf?. 4,000). (After 

Gondeu, 1911.) 


These features are, however, physiological ones, which are of very doubtful 
value for the separation of true species. 

Babesia mutans (Theiler, 1906). — This is a very small parasite which is 
frequently found in cattle in association with JB. bigemina, a fact which 
gave rise to considerable confusion till it was recognized as a distinct 
Hpecies by Theiler (1906a), who named it Piroplasma mutans. On account 
of its minute size, it is a difficult organism to study. It occurs in a 
multiplicity of forms, but these may be grouped as round, ovoid, 
comma-shaped, bacilliforra, coccal, dumb-bell-shaped, ring, or cross forms 
(Plate XVIII. , i6-2o, p. 986, and Fig. 413). Each parasite, as seen in 
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Romanowsky stained films, consists of a blue staining cytoplasm and a 
chromatin area, but the latter in the smallest forms often occupies the 
bulk of the parasite, and in some an anaplasma-like form results, in which 
the cytoplasm can hardly be distinguished. The largest forms are barely 
1 micron in diameter, so that there is considerable difficulty in making out 
the exact structure and method of multiplication. It appears that 
reproduction is effected by a division into two, of which the dumb-bell form 
is a stage, or by a division into four resulting in the cross forms, in which 
four minute pear-shaped individuals radiate from a central point. That 
reproduction takes place in the peripheral blood is proved by the result of 
inoculation experiments. In the case of other piroplasmata, and, indeed, of 
all the blood parasites which reproduce in the peripheral blood, inoculation 
of blood containing these reproducing forms conveys infection to healthy 
animals. This occurs in the case of B. mutans. As will be shown below, 
Theileria parva, the blood forms of which closely resemble those of 
B, mutans^ can only be inoculated by means of the blood when it contains 
schizonts, which are usually confined to the internal organs. 

As regards its effect on animals, B. mutans is a benign parasite. It 
produces few, if any, symptoms, and never gives rise to hsemoglobinuria, 
though it may be the cause of a certain amount of ansemia, but even this 
is doubtful. The parasitized red cells are not visibly altered by its 
presence, and, as a rule, only a small percentage of the cells is infected. 
B, mutans is with difficulty distinguished from T, parva by blood-film 
examinations alone. As pointed out by Sergent and his co-workers 
(1924), one attack does not confer immunity, while it is possible to produce 
a superimposed infection. 

The infections due to B, mutans are generally less intense than those due 
to T. parva. The schizonts which occur in the spleen, bone marrow, and 
lymphatic glands in cases of T. parva infections do not occur in the case 
of B. mutans, though this statement wall require qualification if the 
observations of Brumpt, Velu, and Doyle (p. 1035) are confirmed. They 
believe that the parasite is a Theileria, as blue bodies occur in the 
organs in small numbers in intense infections. 

B. mutans is widely distributed through South Europe, Asia, Africa, 
and Australia. According to Brumpt, it has not been found in America. 
Theiler (1907), who first recognized B. mutans as a distinct species, was 
unable to transmit infection through *the agency of ticks of the genus 
Margaropus, which are the usual vectors of B. bigemina. Later (1909), 
he was successful with Rhipicephalus evertsi and R, appendiculatus 
(Fig. 429). With these ticks, however, there is no passage of the virus 
through the egg. It is taken up in the nymphal stage and transmitted 
at the succeeding stages of development when a new host is attacked. 
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Other Species of Babesia in Cattle. 

Other species of Babesia have been described from cattle, but it is 
probable that these are merely varieties of the well-known types. The 
forms named Babesia argentina and B. berbera have been mentioned above. 
Bowhill (1909), who had studied JB. bigemina in Africa, described as Piro- 
plasma hudsonius bovis a form seen in cattle in British Columbia. The 
disease produced was of a relapsing nature, and proved fatal after several 
relapses. The parasites were scanty in the blood, and the typical pairs of 
pear-shaped individuals, so characteristic of B. bigemina, were very few 
in number. Bowhill associated ticks of the genus Dermacentor with this 
disease, and Brumpt concludes that the species must be D. venusius, 
which is a common tick of North American cattle. 

Macfie sent a blood-film of a West African cow to Franja for inspection. 
It contained a piroplasm, which Macfie considered to be peculiar. Franca 
(1918a) noted the presence of B. bigemina and jB. mutans in these films, 
and in addition other forms which did not appear to belong to either of 
these. There were elongate individuals stretching across the cell, very 
irregular am(x*boid forms, and rounded and pear-shaped individuals, all 
of which were larger than the usual forms of B, bigemina. The nucleus 
of the parasite consisted of a single compact chromatin body, and thus 
differed from the nucleus of the typical forms of B, bigemina, which, in 
addition to the compact chromatin body, has a string or group of finer 
granules associated with it. Since two well-known species were present 
in the blood at the same time, the possibility of the unusual forms being 
merely peculiar types of these has to be considered. Franja, however, 
regarded them as belonging to a different parasite, which he placed in 
the genus Achromaticns under the name A, macjiei. It is evident that 
further investigation is required before the validity of the species can be 
accepted. Schein (1921) described as P. bubali a parasite of Annam 
buffaloes. This form closely resembles B. bigemina, and may be identical 
with it, though Schein (1923) claims that it is distinct owing to his failure to 
inoculate typical B, bigemina of a calf into a buffalo. Schein also describes 
a small parasite of the buffalo. This, he says, differs in certain respects 
from JB. mutans, but resembles the Nuttallia (JB. equi) of horses. Neveu- 
Lemaire (1912) gave the name P, buffeli to a small parasite of the buffalo. 

The piroplasma, which was described by Carpano (1915) as occurring 
in cattle of North Tripoli, and P, annulatum, which Dschunkowsky and 
Luhs (1904, 1909) recorded from Transcaucasia, probably represent 
mixed infections of Theileria parva, B, mulans, and Anaplasma, Mason 
(1922), however, believes that Egyptian fever of cattle may be the same 
as the disease studied by Dschunkowsky and Luhs, and as the parasite 
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producing it belongs to the genus Theileria, but differs in certain respects 
from that of East Coast fever, he regards it as T. annulata, which is 
discussed more fully below (p. 1034). 

BABESIA OF SHEEP AND GOATS. 

As pointed out above, Babes (1892) noted that sheep suffering from a 
disease known as “carceag” in Roumania harboured a parasite similar to 
the one described by him previously as the cause of “ red water ’’ of cattle. 
This organism was named Babesia ovis by Starcovici (1893). Since that time 
it has become clear that sheep and goats are liable to infection with three 
species of Babesia corresponding with B. bigemina, B, bovis, and JB. mntans 
of cattle, in addition to a species of Tkeileria. It might be conjectured 
that the parasites of sheep and goats are identical with those of cattle, 
but inoculation experiments have so far failed to produce cross-infection. 
It is impossible from Babes’s description to identify with certainty the 
form observed by him, but, as in the case of the parasites of cattle, he 
may have been dealing with mixed infections. 

Laveran and Nicolle (1899Jt), employing the name Piroplasma ovis, 
described a parasite of sheep in Constantinople. Their description shows 
that the parasite was smaller than J5. bigemina of cattle previously studied 
by them (1899). They definitely state that the parasite of sheep never 
exceeds 2 microns in diametf^r, so that it is highly probable that they were 
dealing with the organism of intermediate size, the name for which can 
be accepted as B, ovis (Fig. 414, 5-8). Dschunkowsky and Luhs (1909) 
gave the name P. hirci to a parasite of goats. Du Toit (1918) assumes that 
this parasite corresponds with B. mutans of cattle, and places it in his 
genus Gonderia, but from the figures given by Dschunkowsky and Luhs, 
and their statement that the animals suffered from heemoglobinuria. this 
conclusion is not justified. It seems clear that P. hirci is the parasite of 
intermediate size in the goat, and the name becomes a synonym of B, oris, 
Ratz (1913), working in Hungary, described under the name B. ovis 
both the small parasite and the one of intermediate size. Lestocjuard 
(1924), using the generic name Babesiella suggested by Mesnil (1919), 
named the form of intermediate size Babesiella ovis. 

As regards the parasite corresponding with Babesia mutans of cattle, 
it was seen by a number of observers, most of whom, without adequate 
evidence, referred to it as Theileria ovis. On the assumption that it belongs 
to the genus Babesia, there is no available specific name for the parasite, 
which was first properly described by Sergent, Parrot and Hilbert (1922), 
who named it Gonderia ovis. It may appropriately be named Babesia 
sergenti (Fig. 414, 1-4). 
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The large parasite of sheep was first clearly observed by Motas (1903), 
who stated that the form he studied was morphologically identical with 
B. higemina of cattle. It was later described and figured by Dschun- 
kowsky and Luhs (1909), and by Lestoquard (1925), who referred to it as 
Piroplasma ovis. As the piroplasmata of sheep all belong to the genus 
Babesia, there is no name available for the large form, which may con- 
veniently be named Babesia motasi (Fig. 414, 9 - 12 ). 

Owing to the fact that the various parasites of sheep have been only 
recently differentiated, many of the earlier records contain no indication 
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Fifi. 414 . — Three Species of Babesia in Blood of Sheep { x 3,000). (After 

Lestoquard, 1924 and 1925 .) 

1 - 4 . Babesia serge nti, 5 - 8 . Babesia avis'. 9 * 12 . Babesia motasi. 


of the j)articular organism observed. Piroplasmosis of sheep was dis- 
covered by Babes in Roumania. It was observed by Laveran and 
Nicolle (1899) in Turkey, by Bonome (1895) in Italy, by Motas (1903, 
1903n) in Roumania, by Dschunkowsky and Luhs (1909) in Transcaucasia, 
by Inchiostri (1912) in Dalmatia, and by Markoff (1916) in Bulgaria. 
Ziemann (1902) stated that he had seen a piroplasm in films made from 
the blood of Venezuelan sheep, while Yakimoff (1917a) and Yakimoff and 
Sehokhor (1917) record large parasites from sheep and goats in Turkestan. 
The records by Johnson (1903) in America, and by Hutcheon and Robertson 
(1902) in South Africa, are, according to Nuttall (1913), open to question. 
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Lestoquard (1924, 1924a, 1925) has studied the infection in Algeria, and 
clearly differentiated the various forms which he has proved to be infective 
to both sheep and goats. 

Babesia motasi n. sp. — As noted above, this parasite was first definitely 
seen in sheep by Motas (1903). Dschunkowsky and Luhs (1909) clearly 
figured this form, which has recently been described by Lestoquard (1925) 
in Algeria (Fig. 414, 9-12). The last-named observer finds that it occurs 
also in goats, and can readily be inoculated from animal to animal. 

The disease produced by B. motasi, like red-water fever of cattle, may 
occur in an acute or chronic form. The acute disease, according to Motas, 
is accompanied by fever, prostration, hsemoglobinuria, and profound 
anaemia. The number of red blood-corpuscles may fall rapidly from eight 
to one and a half millions. Death often results. The chronic form of the 
disease may pass unrecognized unless the parasites are discovered by 
blood examination. 

Morphologically B. motasi, according to Lestoquard (1925), corresponds 
very closely with B. bigemina of cattle. The pear-shaped parasites are 
the forms most frequently seen. They are single or arranged in pairs. 
Ovoid, round, or irregularly shi-ped parasites also occur. They measure 
from 2*5 to 4 microns in length by 1*2 to 3 microns in breadth. As in 
the case of B. bigemina, when two pear-shaped forms are united by their 
pointed extremities, the angle between them is an acute one (Fig. 408). 
In the case of B. ovis, in which pear-shaped forms are rarely seen, the angle 
between the individuals of a pair is obtuse, as in B. bovis (Fig. 411). The 
infections produced by B. motasi are heavier than those due to B. ovis. 
The nucleus, or rather the chromatin, often appears double in B. motasi, 
while it is invariably single in B. ovis. In the goat, B. motasi produces 
a hypertrophy of the red blood-corpuscles. 

Animals which have been infected with B. motasi and have recovered 
from the acute disease are readily infected with B. ovis. Trypan blue has a 
definite action on infections due to B. motasi, but not on those due to B. ovis. 

Transmission of B. motasi is brought about by the tick, Rhipicephalus 
bursa, as clearly demonstrated by Motas (1903, 1903a). Though the tick 
is a one-host tick, it appears that actual transmission is not effected till 
the infected young which hatch from the eggs have reached the adult 
stage of their development. Dschunkowsky and Luhs (1909) reported 
that in the intestine of the tick the parasites assumed an amoeboid form 
with spiky pseudopodia, like the developmental stages of B. bigemina 
described by Koch (Fig. 410). 

Babesia ovis Starcovici, 1893. — It seems probable that this parasite was 
first observed by Babes (1892), though Laveran and Nicolle (1899) gave 
the first recognizable description (Fig. 414, 5-8). The parasite of goats. 
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named Piroplasm hirci by Dschunkowsky and Luhs (1909), is undoubtedly 
B. ovis, and is not allied to B. mutans, as du Toit (1918) conjectures. 
It was definitely figured by Ratz (1913), and has been studied by Lesto- 
quard (1924) in Algeria. 

The chief differences between B. ovis (called Babesiella ovis by Lesto- 
quard) and B. motasi have been noted above. It is smaller than B. motasi, 
the largest diameter varying from 1 to 2*5 microns in length. Pear- 
shaped individuals are not frequently encountered. When arranged in 
pairs, the angle between them is obtuse, as in B. bovis, while they show 
a tendency to occupy the margins of the red blood-corpuscles (Fig. 411). 
The majority of the parasites are round. As a rule, not more than 
0*6 per cent, of the red blood-corpuscles are infected. 

The disease produced by B. ovis is less severe than that due to 
B. motasi. The acute phase is accompanied by fever, jaundice, and 
progressive anaemia. 

No precise information regarding the ticks involved in the transmission 
of B. ovis is available. 

Babesia sergenti n. sp. — The small parasite of sheep (Fig. 414, 1-4) was 
definitely figured by Ratz (1913). He referred it to Piroplasma otns. It was 
studied in Algeria by Sergent, Parrot and Hilbert (1922), and by Lesto- 
quard (1924), who adopted the name Gonderia ovis. As a result of the work 
of the last-named observer, it appears clear that the small parasite of 
goats is identical with that of sheep, so that the name P. hirci^ given to 
the goat parasite by Dschunkowsky and Luhs (1909), would have priority 
if du Toit’s conclusion that they w^ere dealing with a parasite of the 
B. mutans type were correct. It is clear, however, from the figures, which 
show definite pear-shaped forms of the correct size arranged in couples, and 
from the description of the disease produced, that they were dealing with a 
parasite of the B. boris type. Yakimoll (191 G) states that he called 
attention to this parasite in Transcaucasia in 1913, and designated it 
Theileria ovis, Schellhase (1913, 1914) observed it in sheep and goats in 
West and East Africa, and Macfie (1914a) in sheep in the Gold Coast, 
while the writer (1915rf) saw it in blood-films from sheep in Rhodesia. 
Rodhain (1916) recorded it in the Belgian Congo, and referred to it as 
T, ovis, while Yakimoff and Paroisky (1917) observed it in Turkestan. 
In none of these cases was there any evidence that the parasite belonged 
to the genus Theileria, 

As in the case of B. mutans of cattle, B. sergenti produces no recog- 
nizable symptoms in sheep and goats. Lestoquard (1924) in Algeria 
found, by examination of single films, 130 sheep infected out of 202 
examined. The infections are never intense, only 0*1 to 0*3 per cent, of 
the red blood-corpuscles being infected. 
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Morphologically jB. sergenti corresponds very closely with B, mutans. 
Similar rounded and bacillary forms occur. Reproduction is by budding 
into two or four, so that the characteristic cross forms are produced. 
Nothing is known of the method of transmission. 

BABESIA OF PIGS. 

Sparapani (1917) recorded piroplasmata of the Piroplasma ovis 
(? B, motasi) type in three pigs which had died in Italy. As the pigs three 
months before had fed upon the flesh of sheep which had died of piroplas- 
mosis, he supposed they had acquired the infection at that time. Knuth 
and du Toit (1921) state that Trautmann in 1914 observed piroplasmosis 
of pigs in East Africa. They reproduce some of the figures from his still 
unpublished report, and these show parasites resembling B. bigemina or 
B. bovis. They give the name P. trautmanni as a new species, but the 
name had already been given by du Toit (1918) to what was evidently 
Trautmann’s parasite. 

BABESIA OF HORSES AND OTHER EQUIDJE. 

Piroplasmosis of horses appears to have been first recognized by Dupuy 
in 1888 in Senegambia, but Guglielmi (1899) w’^as the first to see parasites 
in the blood. The organism was recognized as a piroplasma, and named 
P. equi by Laveran (1901). Nuttall and Strickland (1910) showed that 
two distinct parasites occurred in horses. One was a small form w'hich 
was originally seen by Laveran, and which they placed in a new genus as 
N uttallia equi, and the other a larger form of the B. bigemina type, which they 
referred to as Piroplasma caballi Nuttall. Both these forms are here 
retained in the genus Babesia. 

Babesia caballi (Nuttall, 1910). — This form, like others of its type, pro- 
duces hsemoglobinuric fever of horses (Plate XVIII., 21 - 25 , P- 986, and Fig. 
415). It occurs in South Europe, and extends through the Caucasus into 
Asia. It has been noted by Marzinowsky and Bielitzer (1909) in Russia; 
by Dschunkowsky and Luhs (1913), and Yakimoff, Schokhor and Kosel- 
kine (1917) in Turkestan; by Carpano (19136) in Italy; by Darling in 
Panama (1913); by Valladares (1914) in Madras; and by Vein (1918) in 
Morocco. 

The parasites are relatively large, and resemble B. bigemina of cattle 
(Plate XVIII., 21 - 25 , P* 986, and Fig. 415). Multiplication takes place by the 
budding process which has been described above, and pairs of pear-shaped 
forms are to be found in the cells. 

Marzinowsky and Bielitzer (1909), working in South Russia, proved 
that transmission was effected by the tick, Dermacentor reticulatus, while 
Carpano (19136) in Italy claims that Margaropus annulatus is the vector. 
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Babesia equi (Laveran, 1901). — This is the form which was first seen in 
horses, and it is much more widely distributed than B, caballi (Plate XVIII., 
26-30, p. 986, and Fig. 416). It produces a disease like that caused by 
B, caballi, and occurs in Africa, South America, Southern Europe^ 
Transcaucasia, and parts of Southern Asia. According to Carpano, who 
studied both forms in Italy, 5. equi produces a more serious disease than 
B, caballi. It has been recorded by Dschunkowsky and Luhs (1913) 
from Transcaucasia, by Carpano (19136) in Italy, by Valladares (1914) 
in Madras, by Schein (1917) in Annam, and Yakimofi, Schokhor and 
Koselkind (1917) in Turkestan. Both this form and B. caballi were seen 
by the writer in Macedonia in 1918. 
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Fig. Alb.— Babesia caballi of the Horse; Method of Multiplication in Red 
Blood-("orpuscle by Budding Process ( x ca. 3,000). (After Nuttall and 
Strickland, 1912; from Parasitology, vol. v., p. 78.) 

Nuttall and Strickland (1910) and du Toit (1919) showed that horses 
which had recovered from infections due to B. caballi were liable to 
infection with B. equi. On account of the small size of this parasite, and 
the fact that when division takes place four daughter individuals are 
formed, and that these may remain attached to one another in the form of 
a cross, Franja (1909) established a new genus {Nuttallia) for its reception. 
As already remarked, the difference in size and in the number of daughter 
individuals produced are not sufficient grounds for the recognition of a new 
genus. B. equi is a small parasite, the largest forms being barely 2 microns 
in diameter (Plate XVIII., 26-30, p. 986, and Fig. 416). According to Nuttall 
and Strickland (1910), the small slightly elongate individuals resulting from 
division escape from the cell and enter other cells. Here growth into pear- 
n. 65 
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shaped forms about 2 microns in length takes place. These become 
irregular in shape, and finally rounded, whereupon division commences. 
The nucleus divides into two parts, and then each of these divides again. 
Finally, the cytoplasm buds off four daughter forms, which radiate 



Fig. 416 . — Babesia equi (Nuttallia equi) from the Horse: Cyct^e of Develop- 
ment IN THE Blood ( x ca. 3,000). (After Nuttall and Strickland, 1912, 
FROM Parasitology, vol. v., p. 75.) 

1. Inyasion of red blood-corpuscle by form free in plasma. 2-5. Growth of parasite. 

6. Large, actively amoeboid form. 7-10. Division of nucleus. 

11-15. Budding process and escape of four daughter forms from corpuscle. 

from a central point, giving rise to the characteristic cross forms. The 
four daughter forms eventually separate and escape from the red cell to 
infect other cells. 

The South African form of equine piroplasmosis, which is due to 
B. equi, was shown by Theiler (190.5a) to be transmitted by Rhipicephalus 
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evertsi (Fig. 429). This observer showed that infections could also be 
produced in mules and donkeys. Young animals, though acquiring the 
disease, are not so seriously affected as older ones. After clinical recovery, 
the blood remains infective for many years. Animals which have recovered 
are known as “ salted animals,” and the blood of salted young horses is 
inoculated into young animals as a protective measure. A mild type of 
the disease is produced, after which the animals are not susceptible to re- 
infection. Carpano (19136) states that in Italy B. equi is transmitted by 
Rhipicephalus bursa. 

Possibility of Other Species of Babesia in Equidae. — As was noted by 
Theiler in South Africa, a parasite similar to B. equi occurs in the mule 
and donkey. He also (1907a) noted it in a zebra. Dale (1903) reported 
it in donkeys in the Transvaal. Bouet and Roubaud (19126) recorded 
such a form in donkeys of West Africa, Dschunkowsky and Luhs (1913) 
in donkeys and mules in Transcaucasia, Carpano (1914) in these animals 
ill Italy, Schellhase (1914) and Griffiths (1918) in donkeys in East Africa, 
and Yakimoff (1917a) in donkeys in Turkestan. The parasite of the donkey 
was named Nuttallia asini by Dschunkowsky and Luhs (1913). A form seen 
by Yakimoff (1917a) in camels of Turkestan, and named by him Theileria 
camelensis, is possibly the same as B. equi, which was seen by Yakimoff, 
Schokhor and Koselkine (1917) in horses and donkeys in the same district. 
There is no evidence that it belongs to the genus Theileria. Lingard 
and Jennings (1904) had reported these parasites from camels in India. 
Manleitner (1912) saw similar forms in two captured giraffes in East Africa. 
The animals appeared to have died of piroplasmosis. 

BABESIA OF DOGS. 

In the year 1895 Piana and Galli-Valerio showed that a form of 
jaundice which attacked hunting dogs in Lombardy was due to the 
presence of a piroplasma in the blood. Celli (1900) in Italy observed 
the same parasite in do^s imported from Lombardy, after which it 
was reported from France by Leblanc (1900), Almy (1901), Nocard 
and Almy (1901), and Nocard and Motas (1902). Yakimoff (1910) 
recorded it from Russia. Hutcheon (1893) had recognized the disease 
in dogs in South Africa, but Robertson (1901) was the first to record 
the parasite in this country, though he states that it was actually 
discovered by Purvis. Koch (1897) discovered the organism in East 
Africa. It was seen by Marchoux (1900) in Senegal, by James (1905) in 
Assam, and by Webb (1906) and Christophers (1907) in India. Dschun- 
kowsky and Luhs (1909) recorded it from the Caucasus, and the writer 
(1911a) observed it in Bagdad and later in Aleppo. Mathis (1909) 
records its presence in Tonkin, an observation which confirmed the claim 
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made by Eggebrecht (1908) that it occurred in Eastern Asia. It is 
evident, therefore, that the disease which was named biliary fever or 
malignant jaundice of dogs is widely spread through Southern Europe, 
Asia, and Africa. No record can be found of its occurrence in Australia, 
and the typical parasite appears to be absent in America, though it has 
been recorded by Martinez (1914) from Porto Eico, while Clark (1918) 
observed it in imported hunting dogs in Panama. 

Seidelin (1912a) recorded the presence of a piroplasm in a dog in 
Yucatan, while Pestana (1910) had seen a form in dogs in Brazil. Owing 
to certain morphological peculiarities, the latter observer considered the 
parasite to be different from JS. canis of the Eastern hemisphere, and 
named it P. vitalii. The organism was studied by Carini and Maciel (1914a), 
who came to the conclusion that it could not be included in the genus 
Piroplasma {Babesia), and placed it in a new genus, Rangelia, 

Patton (1910) described as Piroplasma gihsoni a parasite which he 
found in dogs of the Madras hunt, and also in the jackal {Canis aureus), 
Fran9a places this form in the genus Achromaticus, which was founded by 
Dionisi for the unpigmented parasites of the red blood-corpuscles of bats. 
Another form was described by Nuttall (1912) as RossieJJa rossi of the 
jackal {C, adustus) of British East Africa. Yakimoff and Schokhor 
(1917) recorded a large parasite of the B, canis type and a small one of 
the B, mutans type from wolves of Turkestan. A small form w^as also 
found in foxes. Plimmer (1915) observed a piroplasm in an Indian 
wild dog {Cyon dukhunensis) which had died in the Zoological Gardens in 
London. As regards the validity of the various species described, this 
can only be decided by further investigations. 

Babesia canis (Piana and Galli-Valerio, 1895). — The disease knowm as 
malignant jaundice of dogs is of wide distribution in the Old World, and 
was shown by Piana and Galli-Valerio (1895) to be due to a piroplasm, 
which they named Pyrosoma bigeminum var. canis. It is a comparatively 
large organism, and as infections are readily maintained by inoculations 
from animal to animal, the parasite has been exJensively studied (Fig. 417, 
and Plate XVIII., 1-5, p. 986). In countries where the disease is endemic, 
the native animals become infected soon after birth. The infections are 
slight, and serious symptoms rarely occur. On the other hand, imported 
dogs contract a serious form of the disease associated with heavy infections 
which are frequently fatal. Similar heavy infections are noted outside 
endemic areas in dogs which have been infected by inoculation of blood. 
In native dogs, as, for instance, those of Bagdad, the writer found the 
parasites in moderate numbers in puppies, and not at all, or only after 
long search, in older animals. The mortality amongst indigenous dogs is 
very low, but among imported dogs it may be extremely high. 
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Symptoms and Pathology. — In acute infections there is fever, pro- 
gressive anssmia, jaundice, and haemoglobinuria, and the disease frequently 




Fig. 417. — Babesia cams in the Bloot> of the Dog ( xca. 2,250). (After 

Kinosiiita, 1907.) 

1. (Iroup of free forms, probably resulting from rupture of a cell with multiple infection. 

2. Marginal form. 3»9. Various types of parasite. 

10. Form producing two buds. 11. Form producing four buds. 

12-14. Pear-shaped individuals. 15. Free pear-shaped form. 

16. Form producing four buds. 17-lS. Cells containing several budding parasites. 


terminates fatally. In the more chronic types there may be only slight 
fever, a mild anaemia, and jaundice may or may not be present. In- 
digenous dogs, though apparently perfectly healthy, may be found to be 
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harbouring the parasite. BreinI and Hindle (1908) could obtain no 
evidence of the presence of a specific hsemolysin in the blood of infected 
animals. It would seem that the ansemia is due largely, if not entirely, 
to the destruction of red cells by the parasites. At post-mortem examina- 
tions, dogs which have succumbed to the disease are found to show 
marked jaundice of the internal organs. There is enlargement of the 
spleen, while the kidneys are swollen and congested. Smears of the 
organs, especially the lungs, liver, and kidneys, may show the parasites 
to be more numerous than they are in the peripheral blood. Sections 
of the kidneys show hypersemia and degeneration of the epithelium of 
the tubules, which are filled with debris of cells, altered haemoglobin, 
and granular and epithelial casts. The parasites may occur in the red 
blood-cells singly as round, irregular, or pear-shaped individuals. Typical 
budding forms leading to the characteristic pairs of pear-shaped forms are 
common. In heavy infections fifteen or more parasites may be found 
crowded together in a single cell. 

Morphology. — The structure of the parasite within the red cell was 
studied by Nuttall (1904) and by Nuttall and Graham-Smith (1905, 1906). 
The typical pear-shaped individual is about 4*5 to 5 microns in length. 
It is pointed at one end and round and bulbous at the other. There is 
generally a vacuole in the cytoplasm. The nucleus, as seen in dried films 
stained by Komanowsky stain, consists of a deeply staining granule near 
the pointed end, while extending from it is a string of finer granules. Such 
a pear-shaped form appears to go through a definite evolution (Fig. 418). 
It contracts and becomes spherical, while the vacuole increases in size 
and the string of fine chromatin granules is withdrawn into the larger 
granule. Eventually the vacuole disappears, and the parasite, consisting 
of a cytoplasmic body and chromatin granule, passes through an amoeboid 
phase. The commencement of division is seen in the separation of a fine 
granule of chromatin from the larger one, to which, however, it remains 
attached by a string of granules. This connection lengthens, and the 
smaller granule divides, as does also the connecting string of granules. 
While this is taking place the vacuole reappears. Eventually there is 
produced a rounded parasite with a granule of chromatin near its 
margin, while extending from it, and passing by the side of a central 
vacuole, is a string of granules which bifurcates to produce two limbs, 
which terminate near the surface of the parasite in two small granules. 
The cytoplasm opposite the latter now becomes elevated to form two buds, 
which gradually increase in size at the expense of the main mass of cyto- 
plasm. The string of granules divides towards the large granule, till 
finally this divides also. The vacuole which had appeared in the earlier 
stage of this budding process again disappears, and a vacuole appears 
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Fio. 418. — Babesia cants of the Dog: Method op Multiplication by Budding 
IN THE Red Blood-Corpuscles ( x ca, 3,000). (After Nutt all and 
Graham-Smith, 1907; Slightly Modified.) 
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in each of the buds. The cytoplasm of the original parasite is finally 
completely absorbed into the two pear-shaped buds, which remain attached 
to one another by their pointed extremities till final separation occurs. 
Each of them has the characters of the original parasite, and they may 
leave the cell to invade other corpuscles, or further divide to produce 
multiple cell infections. Sometimes, when the two daughter individuals 
are only partially formed, each begins to divide so that a division into 
four parasites takes place. In other cases reproduction is more irregular, 
and a number of buds of unequal size is formed. The method of 
division described was worked out by Nuttall and Graham-Smith from 
observations on living parasites and stained material, and represents what 
may be regarded as the typical method of reproduction. In any film of a 
heavy infection the parasites show a great variety of shape and size, 
and in many cases it may not be possible to place them in the scheme 
outlined above. 

Schuberg and Reichenow (1912) also studied B. canis in the dog. 
They came to the conclusion that the amoeboid forms are actually extra- 
corpuscular, since their motility is too marked for an intracellular situation. 
They believe that the amoeboid form becomes round and produces buds, 
as described by Nuttall and Graham-Smith, but that the buds pass into 
the red cell, producing there the intracorpuscular pairs of pear-shaped 
parasites. These grow at the expense of the red cell, but finally leave it to 
become the extracorpuscular amoeboid forms. The details of nuclear 
division were studied in wet fixed films (Fig. 419). In the great majority 
of parasites the nucleus consists of a single rounded mass of chromatin. 
At division this elongates and splits into two bodies which are richer in 
chromatin at their ends. A further division takes place, giving rise to two 
pairs of chromatin bodies, one of which in each pair is larger than the 
other. A pair enters each bud, but as this increases in size the smaller 
of the two granules disappears, so that the nucleus of the fully-formed 
bud is represented by the single granule. Though B, canis has been 
extensively studied, no one has been able to produce satisfactory evidence 
of the presence of gametocytes in the blood of the dog. It has often been 
supposed that the pear-shaped individual is of this nature, but, as noted 
above, it is only a temporary phase in the life-cycle, and ultimately 
proceeds to division. Christophers and Nuttall and Graham-Smith could 
not identify any of the blood forms as gametocytes, and as nothing is 
known of a sexual process in the tick, it is impossible to state if such forms 
are present or not. 

Attempts at the discovery of a flagellated stage of JB. canis have been 
made by various observers, the most definite statements being those of 
Breinl and Hindle (1908). These observers claim to have seen bi- 
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flagellate forms of B, canis in the blood of dogs the day before death. 
The forms described are 6 to 8 microns in length by 2 to 3 microns in 
breadth. There is a spherical nucleus with a central karyosome. On 
one side of the nucleus are two small granules, from each of which a 
flagellum arises. The organisms resemble flagellates of the genus Bodo 
(Fig. 249). It seems clear that the blood>films must have become con- 
taminated, though it is just possible that the flagellates, if they happened 
to be present in the intestine of the dog, might invade the blood shortly 
before death. Such an invasion of the blood by intestinal flagellates has 
been noted on a number of occasions (see p. 271). Whatever be the 
explanation of their presence in the films, it is evident that they have no 
place in the life-cycle of B. canis. 

Direct Inoculation of Animals. — B. canis is readily conveyed from dog 



Fig. 4{Q.— Babesia canis : Method of Bud Formation, as seen in Wet Fixed 
Films. (After Schuberg and Reichenow, 1912.) 


1. Ordinary |)ear-8haped form. 

2. Pear-shaped form with spherical nucleus with central karyosome and accessory granule. 

3. The accessory granule has divided while the karyosome is in process of division. 

4. Buds nearly complete, each with karyosome in nucleus and accessory body. 

5. Two buds complete. The accessory body is no longer visible. 

to dog by inoculation of blood, and this may be effected long after com- 
plete clinical recovery and apparent disappearance of parasites from 
the blood. Nuttall and Graham-Smith, Robertson, and Nocard and 
Motas attempted to infect numerous animals other than dogs without 
any result. Nawrotzky (1912) infected dogs by introducing blood into 
the stomach by means of a tube. Nuttall and Graham-Smith (1909a) 
failed to infect five foxes by inoculating them with infected dog’s blood. 
They report that Dunsbury has informed them of a second failure to 
infect the jackal, his first attempt having been reported by him (1903). 
As these nearly related animals cannot be infected, it is evident that 
B. canis is very specific for the dog. 

Schilling and Friedrich (1912) inoculated a dog which had suffered 
from the disease two years previously and produced an infection. In this 
case there were no data given as to the origin of the two viruses. A 
similar experiment was made by Ciuca (1913). A dog which had been 
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infected with a Tonkin virus was subsequently infected with a South 
African virus. Laveran and Nattan-Larrier (1913) investigated the French 
and North African strains. The dogs of France were susceptible to both 
forms, which produced a high rate of mortality. Seven dogs which had 
recovered from the disease caused by the French virus and were immune 
to further inoculations were all infected with the North African one. It 
is concluded that the French and North African parasites are either 
distinct species or varieties. 

Transmission. — Lounsbury (1901, 1904a) was the first to demonstrate 
experimentally that in South Africa B. canis is transmitted by the tick, 
HcBmaphysalis leachi. He showed that if the adult tick fed upon infected 

animals, the virus passed into 
the egg and infected the suc- 
ceeding generation of ticks. 
The larvsB and nymphs, how- 
ever, were not infective, as 
the disease was not trans- 
mitted till the adult stage was 
reached. The disease was 
later transmitted to dogs in 
England by Nuttall and 
Graham-Smith by means of 
these ticks sent from South 
Africa- Christophers (1907, 
19076) gave an account 
of experiments conducted 
with Rhipicevhalus sanqui- 

1 ^ 10 . -izu . — icmpwepnams sanguineus one . j i- -rj 

OF THE Transmitters of Babesia canis (x 10). India (h ig. 420). He 

(Original.) proved that the eggs laid by 

an adult which had fed on 
infected dogs gave rise to larvae which were not infective, but that the 
nymphs, and probably the adults resulting, were infective. Specimens 
of B. sanguineus brought to England by James infected English dogs. 
Similarly, the writer brought to England specimens from Aleppo, which 
infected a dog six months later. This tick is widely distributed, and is 
undoubtedly responsible for transmission in Asia, Europe, and North 
Africa. Brumpt (1919a) proved it to be a vector of B. canis of Tunis. 
Another tick, Dermacentor reticulatus, long suspected to be a carrier in 
Europe, was proved to be a vector by Brumpt (1919) in France. Working 
with D, venustus obtained from North America, Brumpt and Larrousse 
(1922) fed adult ticks on infected dogs, and later transmitted the 
infection by means of the offspring raised from eggs laid by these ticks. 
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The virus taken up by the adult passes through the egg, but infection is 
not transmitted by the larvse or nymphs, but only when the adult stage 
is reached. 

The Cycle in the Tick. — This has been studied chiefly by Christophers 
(19076) in India (Fig. 421). The blood forms after ingestion by the tick 
soon leave the host cell, and by increase in size become globular bodies 
4 to 5 microns in diameter. These appear to partially divide, and one 
portion swings round, so that there is produced an elongate body, which 



Fig. 421. — Babesia canis : Development in the Tick, Bhipicephalus sangtiineus, 
ACCORDING TO ("KRISTOPHERS ( X ca, 1,500). (AfTER NuTTALL, 1913.) 

soon becomes club-shaped. Whether any sexual process is associated with 
this transformation was not determined. The club-shaped bodies then leave 
the gut by passing through its wall and enter the tissues of the body. They 
then become rounded, and increase in size till they may have a diameter 
of 25 microns. Christophers speaks of these forms as zygotes, a term which 
implies a previous conjugation, which, however, was not demonstrated. 

The nucleus, at first single, multiplies till several are present in the 
form of a number of masses connected by a plexus of chromatic filaments, 
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many of which end near the periphery of the parasite in slightly clubbed 
extremities. Division of this large body into a number of so-called 
sporoblasts then takes place. Sometimes these appear to be uniform in 
size, while at others there is considerable irregularity. The nucleus of 
each multiplies till a large number is present, when segmentation into 
a corresponding number of sporozoites occurs. The latter are small 
uninucleate bodies which resemble the small parasites seen in the blood 
of the dog. They may be pear-shaped, round, star-shaped, or quite 
irregular in form, and can be found in large numbers in the salivary 
glands. In larvae hatched from eggs laid by females which had fed 
on infected dogs, sporoblasts could be found distributed amongst the 
tissues, and presumably the sporozoites developed from them ultimately 
find their way to the salivary glands of the adults. The formation 

of club-shaped bodies and the 
development of the zygotes, as 
Christophers terms the growing 
forms developed from them, were 
studied in nymphs fed on infected 
dogs. The sporoblasts become dis- 
tributed amongst the various 
developing embryonic tissues, 
some of which are undoubtedly 
destined to become the salivary 
glands of the adults. The develop- 
mental process was studied in dried 
smears, and it is evident that 
further investigations with more 
reliable technique are required. 
It seems quite possible that some 
of the stages described as zygotes are actually tissue cells of the tick. No 
one has succeeded in confirming this cycle of development. 

Babesia gibsoni (Patton, 1910). — This organism was discovered in the 
blood of dogs in Madras by Patton (1910), and later in jackals {Canis aureus), 
for the hunting of which the imported dogs were employed (Fig. 422). A 
further account of the parasite was given by Symonds and Patton (1912). 
The parasite differs from B, canis in being generally smaller in size, and in 
the absence of the characteristic pairs of pear-shaped forms. Its usual shape 
is that of a small ring or oval, which occupies not more than an eighth of 
the diameter of the red cell. There is either a single dot of chromatin or 
there may be two dots connected by a thread. Occasionally, there occur 
larger ovoid forms having a length of half the diameter of the cell, and also 
elongate parasites nearly as long as the diameter of the cell itself. Repro- 



PiG. 422 . — Babesia gibsoni from the 
Blood of Madras Hounds and 
Jackals ( x ca . 2,000). (After Patton, 
1910.) 
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duction appears to be by binary fission, and in heavy infections the cell 
may be crowded with parasites. It was shown by Patton (1910) that 
dogs which had recovered from infections due to B. canis were inoculable 
with B, gibsoni. Nothing definite is known of the transmission, though 
Rhipicephalus simus, which occurs on jackals, is suspected to be the agent. 

On account of the absence of typical pear-shaped forms, Franja (1917) 
considered B, gibsoni should be placed in the genus Achromaticus, There 
does not seem to be sufficient ground for this conclusion. The parasite 
described by Plimmer (1915) as a Babesia from the blood of a wild dog 
{Cyon dukhunensis) of India may possibly be the same as B. gibsoni. 
The writer has seen the parasite in large numbers in the blood of a Colombo 
dog. The large piroplasma seen by Yakimoff and Schokhor (1917) in 
wolves in Turkestan is said to be very common, and to correspond morpho- 
logically with B, canis. 




F'ig. 423 . — Babesia rossi {Bossiella rossi) from the Jackal [Canis adustus) 
( xca. 2,000). (After Nuttall, 1913; from Parasitology, vol. vi., p. 318.) 


Babesia rossi (Nuttall, 1910). — This parasite was seen by Nuttall in 
blood-films of the East African jackal, Canis adustus. It is a large rounded 
organism, having a diameter up to one-half of that of the red corpuscle 
(Fig. 423). The nucleus is in the form of a compact body. The parasite 
occurs in the cells either singly, in pairs, or in fours. Reproduction 
appears to be effected by simple division. This parasite was placed by 
Nuttall (1912) in a new genus as Rossiella rossi, 

Babesia vitalii (Pestana, 1910). — As already pointed out, B, canis has not 
been recorded from America, save for a record by Martinez in Porto Rico. 
Its place seems to be taken by the parasite discovered by Pestana in dogs 
in Brazil, which produces a disease similar to the malignant jaundice of 
the Old World (Fig. 424). The parasites occur in the red cells as round, 
ovoid, or pear-shaped bodies. The latter are often arranged in pairs which 
result from double budding, as in the case of B, canis, Carini and Maciel 
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(1914a) and Carini (1915) discovered that in smears of the lungs and 
kidneys large masses of the parasites occurred within endothelial cells. 
They interpreted these appearances as being due to a process of schizogony, 
and note the resemblance to the schizogony which occurs in the case of 
the toxoplasmas. On account of the supposed double method of multipli- 
cation, they placed the parasite in the new genus Rangelia, A toxoplasma 
of dogs is known to occur in Brazil, and it is possible the intracellular forms 
found in the organs belonged to this parasite, and had no connection with 
the blood form. It is also possible that the masses in the endothelial cells 
merely represent phagocyted organisms of the blood type. These two 



Fig. 424. — Babesia vltalii {Rangelia vitalii) of the Brazilian Dog ( x ca, 2,000). 

(After Carini, 1915.) 

1-10. Formsin red blood-corpuscles. 11-13. Free forms in internal organs. 

14. Completion of schizogony within a cell. 


possibilities have certainly not been excluded, so that it seems premature 
to regard the blood parasite as belonging to a separate genus. Canine 
piroplasmosis due to B. canis has not been recorded from South America, 
where one would expect it to occur, so that it seems possible that further 
investigation will show that B, vitalii in reality is the same as B, canis, 
which produces the well-known disease of dogs in other parts of the world. 

BABESIA OF SMALL MAMMALS. 

The first of the unpigmented parasites of the red cells of small mammals 
to be described was the form named Achromaticus vesperuginis by Dionisi 
(1899), who discovered it in 1898, together with a pigmented parasite, 
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in the bat, Ves'perugo noctula^ in Italy. Since that time a number of 
unpigmented parasites have been described from small mammals. Some 
of these are comparatively large forms, while others are small, and resemble 
either B, equi or B, mutans. They have been placed in various genera, 
but it seems better to retain them in the genus Babesia, 

Babesia vesperuginis (Dionisi, 1899). — As just remarked, this parasite 
was first seen by Dionisi in F. noctula. According to Schingareff (1906), it 
was seen in the same bat by Berestnell in 1903, as also by Galli- Valerio 
(1906), and Neumann (1909a). Kisskalt (1905), and Coles (1914) observed 
it in F. pipistrelluSy and Gonder (1906) in F. kuhli, Yakimoff, StolnikoflE 
and Kohl-YakimofE (1912) gave an account of the organism as seen in an 
unidentified bat of Turkestan. The parasite as it occurs in the blood shows 
a great variation in form and size (Plate XVI., 28-32, p. 974). It may be 
sickle-shaped, round, piriform, semilunar, or quite irregularly amoeboid. 
Some of the parasites occur as band forms stretching across the red cell. The 
majority of the forms, however, are very much like those which appear 
in infections of B, canis, and this applies specially to the pear-shaped 
individuals. Round and sickle forms were seen free in the plasma, and 
the latter may be applied to the margins of the red cells, as occurs in the 
case of the marginal forms of the human malarial parasites. Some of the 
sickle forms are barely 2 microns in length, while others are larger and may 
reach a length of half the diameter of the red cell. Within the cells all 
forms occur. The round forms vary in diameter up to a third of that of 
the cell. In the largest ones nuclear multiplication has taken place till 
four are present. Four pear-shaped individuals are then formed, and these 
may be arranged as a cross or in the form of a fan. Coles (1914) remarks 
on the resemblance of the pear-shaped forms to those seen in the typical 
piroplasmata, and notes also the division of the organism into four pear- 
shaped individuals, which are arranged in the form of a cross, as occurs in 
the case of B, equi of horses. 

Neumann (1909a) observed certain structures in the body of mites 
{Pteroptus vespertilionis) taken off infected bats, which be believed repre- 
sented developmental forms of B, vespertilionis. 

In a later paper, Yakimoff Stolnikoff, and Kohl-Yakimoff (1916) 
describe another unpigmented parasite from a bat of Turkestan. It re- 
sembles B, vesperuginis in the presence of round, ovoid, amoeboid, and 
pear-shaped forms. In addition, there occur larger forms, which nearly 
fill the red cell and possess several nuclei. The observers consider 
these to be of the nature of schizonts, and suggest that the parasite 
forms a connecting link between the pigmented plasmodia and the 
unpigmented piroplasmata. They proposed to name the organism 
Plasmodium achromaticum without having demonstrated that they 
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were not actually dealing with hitherto undescribed stages of B, ves- 
per uginis, 

Babesia avicularis Wenyon, 1909. — This is an unpigmented parasite which 
was discovered by the writer in the striped zebra mouse {Arvicanthis zebra) 
of the Sudan (Fig. 425). It occurs as round, ovoid, or angular masses of 
cytoplasm with a single chromatin body. These forms have a diameter 
of about a sixth to a third of that of the cell. Some of the parasites are 
very irregular in shape, and resemble the amoeboid forms of Plasmodium 
falciparum in human blood. A somewhat similar, if not identical, form 
was seen byBruce et ah (191 Igr) in a white mouse in Uganda. The animal 
originally came from Naples, and had been inoculated with blood from 
another mouse which had been infected with spirochaetes from a bush buck. 
There were present in the red cells pear-shaped forms occurring singly or in 
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Fig. 425. — Bahesia avicularis of the Zebra Mouse, - 4 rricant/M> zebra (Lemniocomys 
zebra) of the Sudan (x 3,000). (After Wenyon, 1909.) 

couples, and measuring about 5 microns in length, round or irregularly 
shaped forms, and others showing an indication of division into four. 
What was possibly the same parasite was again seen by Bruce et al, (1915) 
in the edible rat of Nyasaland. 

Babesia quadrigemina (Nicolle, 1907). — This parasite was discovered by 
Nicolle (1907) in the gondi, Ctenodactylus gundi^ of Tunis (Fig. 426). The 
organism occurs as rounded forms which have a diameter of a quarter to 
a third of that of the red cell, as ovoid and also pear-shaped forms. Multi- 
plication takes place by a division of the nucleus into four, and the forma- 
tion of four pear-shaped daughter individuals which are arranged either 
in a cross or fan-like manner. The nucleus consists of a chromatin body, 
near which is a smaller granule. Both these bodies probably belong to the 
nucleus, the structure of which cannot be properly detected in dried films. 
Nuttall (1908), who studied the organism in films sent him by Nicolle, 
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speaks of the nucleus as showing distinct binuclearity.” On account of 
its method of reproduction he founded a new genus for the parasite, which 
he named Nicollia quadrigemina. The organism is a typical piroplasma, 
and there appears to be no adequate reason for its inclusion in any genus 
other than Babesia, It bears a striking resemblance to Plasmodium 
minasense (Plate XVII., 6-15, p. 982). 

Under the name of Piroplasma muris^ Fantham (1906) described a para- 
site which he found in the blood of a white rat which had died in a London 
laboratory. It is remarkable that, in spite of the fact that blood-films of 
white rats are subject to constant examination in the course of laboratory 
work, no one has rediscovered the organism. Nuttall and Graham-Smith 
(1908), who examined a film sent them by Fantham, remark that in this 
film they saw piriform intracorpuscular parasites singly and in pairs. 
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Fig. ‘Babesia quadrigemina (NhoUia quadrigemina) fuom the Blood of the 

(tondi (Ctenodactylus gundi) {x ca. 3,000). (After Nuttall, 1913; from 

Parasitology, vol. vi., p. 318.) 

Dschunkowsky and Luhs (1909) discovered a piroplasma (B, leporis) in 
the Transcaucasian hare. Babesia herpestidis was seen by Fran9a (1908) 
in the mongoose, Ilerpestes ichneumon, in Portugal, while an unnamed 
form was mentioned by Patton (1910) as occurring in the Indian mongoose 
(H, mango). Another, found by Bedier (1924) in the African mongoose, 
H, cal era, was named by him Nuttalia legeri. Yakimoti (1910a) discovered 
one of these parasites, which he named Piroplasma ninense, in the hedge- 
hog {Erinaceus europwus) of Russia, while Galli-Valerio (1911) observed 
one {B. tveissi) in E, algirus of Tunis. Coles (1914), under the name of 
Nuttallia muris, described a parasite of the English field mouse, Mus 
sylvaticus, and another as N, microti of the water vole, Microtus amphibius, 
Macfie (1915) described and figured a similar parasite from Mus decumanus 
(Rattus norvegicus) of West Africa. The organism, to which he gave the 
name Nuttallia decmnani, was a typical Babesia showing single and double 

II. 66 
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forms, as also radially arranged groups of four (Fig. 427). He also 
recorded the presence of “ piroplasma-like bodies in a guinea-pig. 
Leger and Bedier (1923a) have recorded as Nuttallia (jolvndce a small 
parasite of the rodent, Golunda campanw, of Senegal. Franca (1909) 
observed a parasite of the field mouse, Microtus incerlus, in Portugal. 
Though most of the forms present resembled those seen in the infections 
just described, there were some pear-shaped parasites which extended 
from one side of the cell to the other. On account of these large forms, 
Franga established a new genus, Synithia, and named his parasite S. microti, 
Galli- Valerio (1914) placed in this genus, under the name of /S. talpcp, a 
parasite discovered by him in the European mole, Talpa europwa, Yaki- 
moff and Saphronowitsch (1917) gave the name of Theileria rossica to a 
parasite seen by them in several field voles near Kars in Transcaucasia. Ko 
schizogony forms characteristic of this genus were seen, so that it cannot 
be retained in the genus Theileria. Franchini (1924a) has given the name 



Fig. 427.— Babesia demmani fkom the Blood of the Brown Rat, Batius Jiorvegints 
OF Nigeria ( x 2,000). (After Macfie, 1915 .) 

Nuttallia myoxi to a parasite of Myoxus avellanarius, the dormouse, in 
Italy. It is very similar to N. decumani, described by Macfie (1915). 
Another form discovered by Leger and Mouzels (1917) in the three-toed 
sloth (Bradypus tridactylus) was considered to be a Theileria,, and named 
T. brimonti, from the character of the blood forms alone. A small piro- 
plasma-like organism was encountered by A. and M. Leger (1920) in the 
red cells of the civet (Viverra civetta) of Senegal. They consider it as 
allied to B. herpestidis of the mongoose, and give it the name Nuttallia 
civettCB. Leger, M., and B6dier (1922a) record the presence of a small 
round piroplasm, which they name Nuttallia bauryi, in the fox, Fennecus 
dorsalis of the French Sudan. The parasite had a diameter of 1*25 to 1*5 
microns. Yakimoff, Kohl-Yakimoff and Korssak (1910) mention a })iro- 
plasma of the Russian fox. What is probably the same parasite is referred 
to by Yakimoff and Schokhor (1917), who without any evidence of the 
existence of schizogony stages placed it in the genus Theileria. 
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BABESIA OF MONKEYS. 

Babesia pithed (Ross, 1905). — This parasite, to which he gave the name 
Piroplasma pithed, was discovered by Ross, P. H. (1905), in a species 
of Cercopithecus in Uganda. The organism was later studied by Nuttall 
and Graham-Smith (1908) in films sent them by Ross. According to 
them, the organism is a typical piroplasma of the B, canis or JS. bige- 
mina type, as Ross had stated in the first place. Reproduction by 
budding in the characteristic manner occurs. The parasites are either 
round, oval, or irregular in outline, while pear-shaped forms occur either 
singly or arranged in pairs. Smears of the organs showed a larger number 
of parasites than the peripheral blood. As many as sixteen parasites 
were seen in a single cell. Castellani and Chalmers (1910), under the 
name Babesia cellii Castellani and Chalmers, 1908, mention the occurrence 
of a piroplasma of the monkey, Macacus pileatus. They state that it 
occurs as bacillary and pear-shaped forms, lying side by side in the 
erythrocytes. In 1 919 they substituted the name Theileria celUi Castellani 
and Chalmers, 1910, without giving any further details. 

BABESIA OF ANTELOPES AND OTHER ANIMALS. 

A number of small piroplasmata have been described from antelopes 
and deer. A form resembling B. equi was seen by Denier (1907) in Cenus 
aristotelis in Annam, and Niittall (1913) mentions similar forms seen by him 
in blood-films of deer and reindeer sent him by Marziiiowsky from Russia. 
Kerzelli (1909) had reported a similar form from the reindeer. Ollwig and 
Manteufel (1912) state that Kiidicke observed parasites of this type in 
the zebra. A small form had already been seen in this animal by Ross, P. H. 
(1907), in Uganda, and by Theilei (lP07a). Parasites of the B. mutans type 
have been seen by various writers. Thus, B. cervi {syn,B, damce) was seen by 
Bettencourt, Fran 9 a and Borges (1907) in Cervus dama of Portugal, an un- 
named species by Bettencourt and Borges (1909) in Cephalophus grinrmi, 
another by Patton (1910) in Cervus axis of India, and another in Boselaphus 
sp. by Lichtenheld (1911) in East Africa. Ross, P. H. (1911). reported the 
finding of small forms of the B. nmtans type in various game, including 
Bubal us cokei, jEpyceros melampus, Tragelaphus script us, Oryx beisa,0, callo- 
tis, Gazella thomsoni, and the zebra, Equus burchelli grauti, B. hippotragi 
was noted by Todd and Wolbach (1912) in Hippotragus equinus of the 
Gambia, B. stordii by Fran 9 a (1912a) in Gazdlagrantii of Abyssinia, and an 
unnamed form by Rodhain (1916) in Cobus defassa of the Belgian Congo. 
Carpano (1913a) states that he called attention in 1911 to a form in the 
gazelle which appears to be identical with B. stordii. Various observers have 
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Been small piroplasmata in antelopes in Africa without recording names 
of the hosts. Leger, M., and Bedier (1922a) state that they have seen a 
small type of piroplasma in a young lion in the French Sudan, while Schein 
(1923) records one from Cervulus muntjac of Annam. Yakimoff, Kohl- 
Yakimoif and Korssak (1910) mention the occurrence of piroplasmata in 
the fox, Chinese yak, and bear in Russia. The occurrence of B. higemina 
in white-tailed deer in Panama, as noted by Clark (1918), has been referred 
to above (p. 996). 

Cultivation of Babesia. 

Many attempts have been made to cultivate the various species of 
Babesia, In the earlier investigations, infected blood was merely diluted 
with saline and kept at various temperatures. It was shown that 
parasites remained virulent for many days, especially if kept at low 
temperatures. The extensive and careful investigations of Nuttall and 
his co-workers from 1908 onwards have shown that various species of 
piroplasmata will continue their development in vitro on the warm stage 
and that their movements and method of multiplication can be studied 
in this manner. The parasites behaved in a similar manner in cultures, 
but degeneration quickly took place. Nuttall and Graham-Smith (1908) 
noted, however, that increase in size of B, canis occurred, and that 
forms with long, spiky, radiating pseudopodia appeared. These re- 
sembled in some respects the amoeboid forms described by Koch as occur- 
ring in ticks which had ingested B, bigemina of cattle (Fig. 410). Miyajima 
(1907) claimed to have obtained a culture of a small piroplasma of cattle. 
In his cultures he obtained trypanosomes and developmental forms of 
these, and concluded that he had demonstrated their origin from the piro- 
plasmata. There can be no doubt that Miyajima had isolated Trypano- 
soma theileri, which is easily cultivated from the blood of cattle. The 
publication by Bass and Johns (1912) of a method of obtaining cultures of 
the malarial parasites naturally led observers to attempt this method 
for the cultivation of the piroplasmata. Knuth and Richters (1913), 
Ziemann (1913, 1914), and Thomson and Fantham (1913, 1914) seem 
to have been the first to attempt this in the case of B, canis. The 
method employed was essentially the same as that which has been 
described above (see p. 967). The development takes place, however, 
with less regularity than in the case of the malarial parasites, and 
though Ziemann obtained subcultures these were not satisfactory. 
In the primary culture, multiplication of the parasites occurs, and a 
marked increase in their numbers takes place, so that red cells may be 
seen packed with parasites, though such heavily infected cells were not 
present in the blood of the dog from which the culture was made. There 
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is nothing remarkable about the culture forms, which resemble those seen 
in the blood of the dog. In old cultures, many abnormal degenerating 
forms occur. Ziemann showed that a culture was virulent for dogs up to 
the twentieth day, Vrijburg (1913) attempted culture of B, bigemiva in 
the same way, but did not obtain satisfactory results. 

2. Family: theileriidje. 

This family has been defined as including unpigmented parasites of 
red blood-corpuscles, which reproduce by schizogony within endothelial 
cells of the capillaries of the internal organs. Certain forms produced in 
the endothelial cells enter the red cells, and appear in the peripheral 
blood. Contrary to what occurs amongst the various species of Babesia^ 
these blood forms do not multiply in the red cells. On this account the 
blood is not infective when inoculated to healthy animals unless endo- 
thelial cells containing schizonts happen to be present. The family 
includes the single genus Theileria, the best-known species of which is 
T. parva^ the cause of East Coast fever of cattle in Africa and elsewhere. 
The parasite, which Dsehunkowsky and Luhs (1904) discovered in cattle 
in South Russia, and which they named Piroplasyna annulatum ^ may be the 
same s])ecies. Their discovery (1909) of schizonts in the organs proves 
that it belongs to the genus Theileria, According to Mason (1922), 
Egyptian cattle fever is the same disease, but Sergent, Ed., and his co- 
workers (1924) believe the disease of North Africa is caused by a distinct 
parasite T. dispar. These two species may, however, be merely races 
of T. pnrva. Species of Theileria have also been recorded from the 
shee]) and goat, and Echidna in Australia. 

THEILERIA OF CATTLE. 

Theileria parva (Theiler, 1904), — This parasite, which was first seen by 
Koch (1898), who considered it to be a stage of Babesia bigeminal produces 
a serious disease of cattle, Ea^st Coast fever, which differs from that pro- 
duced by B, bigemina in that haomoglobinuria, jaundice, and progressive 
ana3mia are absent. The organism was named Piroplasma parviim by 
Theiler (1904), and was placed in a new genus, Theileria, by Bettencourt, 
Franga and Borges (1907). Stephens and Christophers (19036) proposed 
the name P. [Kochi] for the parasite of “African Coast Fever,” so that 
Theileria kochi may be the correct name. 

The disease occurs chiefly in Africa, and has been reported from 
Rhodesia, Transvaal, Uganda, East Africa, and North Africa. West 
Africa and the Belgian Congo appear to be free from the disease. Outside 
Africa it has been noted in Transcaucasia by Dsehunkowsky and Luhs, 
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and in Macedonia and India. According to Koch, the zebus {Bos indicus) 
imported to East Africa from Madagascar, were frequently immune to the 
disease, a fact which suggests its occurrence in that island. 

Morphology. — The morphology and life-history of T. parva was studied 
by Gonder (1910(Z, 1911, 19116), but, unfortunately, his account was 
obscured by such theoretical bias that it is difficult to separate fact from 
theory. He was justified, however, in his conclusion that the bodies 
(Koch’s blue bodies) which occur in the spleen, liver, kidney, lymphatic 
glands, intestinal mucosa, and other organs represent schizonts. These 
structures may be discovered by puncture of the enlarged glands. In 
dried smears stained by Romanowsky stains, they appear as blue masses 
of cytoplasm containing a varying number of red chromatin dots 
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Fig. 428. — Theileria parva of East Foast Fe\"er of (’attee ( x rn. 2.500). 
(After Nuttall, 1913; from vol. vi., p. 315.) 

1-12. Forms in red blood-corpuscles. 

13-18. Schizonts (Koch’s blue bodies) from the spleen. 


(Plate XVIII., 36 - 38 , p. 986, and Fig. 428). They vary in size from 3 to 10 
microns, and in films are seen either free or within cells of the endothelial 
type. Their extracellular position is probably due to the breaking down 
of cells in the process of film making. In sections they are always intra- 
cellular. Koch’s blue bodies or schizonts are usually confined to the 
lymphatic glands, spleen, or other organs, where they occur in the endo- 
thelial cells of the capillaries. Occasionally they are found in endothelial 
cells in the peripheral blood. Their presence here accounts for the occa- 
sional positive results obtained by blood inoculation of healthy animals. 
When fully formed, they break up into numbers of minute bodies, which 
either enter other cells to grow and reproduce by schizogony again, or they 
penetrate the red blood-corpuscles, in which they are found in ordinary 
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bloucl-films. They are here seen as minute bodies 1 to 2 microns in 
diameter when round. Some of the forms are ovoid in shape, others are 
rod-like, while some are pear-shaped or comma-shaped. Though they 
may sometimes be seen in pairs in the red cells, or occasionally in fours as 
in the cross form, it is doubtful if ih^ise represent division stages, as they 
do in the case of B, mutam, the morphological resemblance to which may 
be very striking. 

The organism in the blood was very carefully studied by Nuttall, 
Fantham and Porter (1909) in infections produced in England by means 
of ticks, Rhipieephaliis evertsi, imported from South Africa (Fig. 428). 
The minute parasites were seen to move about in the red cells, and to 
undergo changes in sha| e. Actual division was never observed to take 
place in the living condition, though in stained films parasites which 
might be interpreted as in process of division were sometimes seen. 

The blood forms first make their appearance a few days after the first 
symptoms show themselves, and they increase rapidly in number till 
80 to 90 per cent, of the corpuscles are affected. Such heavy infections 
are not noted in the case of B. miitans. Multiple infection of individual 
cells is of common occurrence. As already remarked, inoculation of blood 
vvill not, as a rule, convey the infection, so that it is presumed that the 
blood forms represent gametocytes which are destined to develop in the tick. 

If animals recover from the disease, the parasites disappear from the 
blood, and this disappearance is absolute, for ticks can no longer be 
infected from them. In this respect, again, T. parra differs from the 
species of Babesia, which, though disappearing microscopically, are still 
present for years after clinical recovery, as proved by the infectivity of 
blood on direct inoculation to other cattle, and by the fact that ticks 
may still infect themselves. 

Symptoms and Pathology.— Theiler (1904) was the first to demonstrate 
that East ('oast fever was a distinct disease, and that cattle which had 
recovered from hacmoglobinuric fever due to Babesia were not immune to it. 
He noted also that it could not be conveyed by blood inoculation, and that 
the marked ansemia, jaundice, and haemoglobinuria so characteristic of 
red-water fever did not occur. About ten to twenty days after exposure 
to infection the disease commences with fever, which continues till death 
or recovery takes place. All the superficial lymphatic glands become 
hypertrophied. They attain their maximum development in about a week, 
after which they gradually diminish in size. The animals remain in good 
condition and feed well till the end stages of the illness are reached. The 
mortality rate is high, and may be as much as 80 to 90 per cent, of those 
affected, (halves appear to be slightly more tolerant than adults, and 
the mortality rate is lower amongst animals which are well looked after 
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than in those that are primarily in poor condition. A common feature 
of infections with T. parva is that old latent infections of B, higemina 
or B. mutans may be stimulated, and the symptoms associated with these 
forms appear. On this account, some confusion has arisen as to the 
symptoms which are actually due to T. parva and to the character of 
the parasite as it is found in the blood. Animals which have died of 
the disease show oedema and swelling of the subcutaneous tissues and 
intestinal mucosa. Haemorrhagic patches occur in the mucosae and on 
the serous membranes. The spleen does not appear to be much enlarged. 

Inoculation of Animals. — Koch (1903) stated that he had transmitted 
the disease to cattle by two successive intraperitoneal inoculations of 
large quantities of blood, while Tartakowsky (1905) made a similar claim 
for the parasite described as Piroplasma annulaturn by Dschunkowsky 

and Luhs (1904). In a later paper 
(1909) the latter observers recorded 
the presence of Koch’s blue bodies in 
the organs of the infected animals. 
Carpano (1912, 1915) likewise trans- 
mitted the disease by blood inocula- 
tion in Tripoli, and noted the presence 
of Koch’s blue bodies in the peripheral 
blood in severe cases of the disease. 
Donatien, Plantureux, Rossi and 
Esperandieu (1923) have confirmed 
these observations in Algeria. It 
seems evident, therefore, that the 
schizonts occur in largest numbers 
in the lymphatic glands and spleen, 
but occasionally appear in the peri- 
pheral blood. Theiler and Stockman and Nuttall, quoted by Nuttall, 
Pantham and Porter (1909), failed to obtain infection by subcutaneous 
inoculation of spleen and bone marrow containing the schizonts. Koch 
(1903) likewise failed to produce the disease by both subcutaneous and 
intravenous inoculations, but Meyer (1909) claims to have succeeded by 
inoculating or transplanting portions of spleen into the peritoneal cavity. 

Transmission. — Lounsbury (1902-1904) was the first to prove that 
East Coast fever was transmitted by the tick Rhipicephalus appen- 
diculatus. This observation was confirmed by Theiler (19046, 1905), and 
extended to R, simus. Lounsbury (1906) succeeded in conveying the 
disease by means of R. evertsi, R, nitens, and R. capensia (Fig. 429). With 
the exception of R, evertsi, which has two hosts, these ticks live on 
separate hosts in the larval, nymphal, and adult stages. The virus taken 



Fig. 429. — Ehipicephaliis evertsi ( ^ ), 
A Tkansmitter of Theiler ia parvu, 
Babesia equi, and B, mutans ( x 10). 
(Original.) 
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up at one stage is transmitted by the next. The adult tick does not 
transmit the virus through the egg to the larvae, as occurs in the case 
of the various species of Babesia, Nuttall and Graham-Smith (1909) 
produced the disease experimentally in cattle in England by means of 
ticks {R, evertsi) sent from South Africa. The factors governing the 
infectivity of ticks were studied by Nuttall and Hindle (1913). It was 
shown by them that ticks still remain infective after feeding, for the 
disease was transmitted to calves by ticks which had fed for three days 
on rabbits. It was noted, however, that infection was not conveyed 
unless the ticks remained on the host for more than two days. Calves 
did not become infected if the ticks were allowed to remain for only two 
days. That this was not a question of temperature alone was proved 
by keeping ticks at 37° C. for tw’o days before they w'ere allow^ed to fix 
on calves. Transmission still did not occur unless more than two days 
were allowed to elapse before the ticks w^ere removed. 

As regards the transmission of the parasite Theileria annulata, w'hich 
is possibly only a race of T. parva, Dschunkowsky and Luhs stated 
that the carrier w^as the tick Margaropus annulatus, and that the 
virus passed through the egg to the larva, a feature which does not 
occur in the case of East Coast fever. These transmission experi- 
ments are not sufficiently conclusive, as it is not certain that the 
cattle used WH^re not infected with species of both Babesia and 
Theileria. In Egypt, Mason (1922) notes that the ticks found associated 
with the disease are Margaropus anntdatus, Hyalomma cegypiium, and 
Boophilus australis, but it is not definitely known which is responsible 
for transmission. 

Cycle in the Tick. Gonder studied the development of R. appen- 
(lirulatus^ but his observations were influenced by a desire to bring the 
parasite into line with Schaudinn’s views on the development of halter- 
idium, wdth the result that not only are parthenogenetic and other methods 
of reproduction described, but the flagellate nature of the organism is 
constantly emphasized. Mature gametocytes leave the red cells and 
become free in the gut of the tick, where they can be distinguished as 
male and female forms, the former motile and the latter stationary. 
After a nuclear reduction a male form is said to unite wdth a female, 
when a further reduction of each nucleus takes place. The resulting 
zygote becomes an ookinete, which penetrates the w’all of the gut and 
makes its w^ay to the salivary glands. Here it increases in size w’hile 
nuclear multiplication takes place. Finally, a large number of sporozoites 
is produced, and these are inoculated by the tick when it feeds. Whether 
this account, even in its broad outline, is correct or not further research 
alone wdll show. 
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Reservoir Hosts. — The possibility of the occurrence of Theileria parva 
in the game of countries in which East Coast fever is indigenous was 
first raised by Ross, P. H. (1911), who found small parasites in the red 
blood-corpuscles, and what he regarded as an undoubted Koch’s blue 
body in a smear of the liver of Coke’s hartebeest (Bubalus cokei). Lichten- 
held (1911) also claims to have found similar bodies in a kidney infarct 
of an eland. Montgomery (1913) likewise observed them in a bastard 
hartebeest. He informs the writer that the small parasites which he 
discovered in Grant’s gazelle, and which Franja (1912a) named T, stordii, 
were present in such large numbers in the blood-films that the infection 
resembled one of T, parva rather than Babesia mutans. It is thus possible 
that antelopes may act as reservoirs for T, parva, and the same state- 
ment may be made of B. mutans. At present, however, there is no 
experimental evidence either for or against this view, but experience 
appears to indicate that in game country cattle are, if anything, less 
liable to East Coast fever than in areas free from game. 


Other Diseases of Cattle possibly due to Species of Theileria. 

Dschiinkowsky and Luhs (1904 and 1909) described a disease of cattle in 
Transcaucasia which resembled in many respects East Coast fever. In the blood 
the parasites were mostly in the form of minute rings, though ovoid and rod-shaped 
forms also occurred. Koch’s blue bodies were found in smears of the lymphatic 
glands, kidneys, and spleen. The organisTn was named J^iroplasma annul at itm, 
but the presence of schizonts shows that it belongs to the genus Theileria, 
Dschiinkowsky and Luhs (1904) stated that the parasite was not inoculable by 
means of infected blood, and this observation led Koch to express the opinion that 
the disease was actually East ("oast fever. Tartakowsky (1905), however, stated 
that such inoculation was possible, but it is far froiii clear that in these cases there was 
not a mixed infection with Babesia mutans. Mason ( 1 922 ) describes a disease known 
as Egyptian fever of cattle, which had previously been noted by Bitter (19(»5) and 
himself (1915). It occurs in an acute, subacute, and chronic form, and the {larasites 
in the blood correspond with those described by Dschunkowsky and Luhs. Mason 
states that he has seen the same disease in Cyprus and in cattle imported to Egypt 
from the Sudan. He concludes that the piroidasmosis of cattle in Morocco described 
by Velu (1921) is of the same type. Mason found Koch’s blue bodies in the liver, 
lymphatic glands, ulcers in the abomasum, in the small pin-point infarcts in the 
kidneys, and in the hiemorrhagic infarcts in the spleen. The disease differs from 
East Coast fever in that cattle, if they^ survive the first attack, become chronic 
carriers of the virus, and acute or sub-acute attacks which may prove fatal are 
induced by exhaustion following overw'ork and fatigue. Mason is of the opinion 
that the disease is distinct from East Coast fever, and is due to a Theileria, which 
he regards as probably identical with the form described by Dschunkowsky and 
Luhs, and which would become T, annulata (Dschunkowsky and Luhs, 1904). In 
addition to cattle, buffaloes are liable to infection. 

The question of T, annulata has, however, been investigated by Donation, 
Plantureux, Rossi and Esperandieu (1923), and Hergent (1923) in Algeria. 
Ducloux (1905) in Tunis, and Souli6 and Roig (1908, 1908a) in Algeria, 
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described a disease of cattle which resembled East Coast fever. They thought 
that the minute piroplasma which occurred in the blood resembled P. annu~ 
latum of Dschunkowsky and Luhs. Sergent, Ed. and Et., and Lh6ritier 
(1919a) recorded the i>resence of Koch’s blue bodies in the lymphatic glands of 
jaundiced cattle in Algeria, and Donation and his co-workers (1923) have also 
discovered the presence of these bodies in sick cattle in the same country. Thougli 
usually confined to the lymphatic glands and other organs, they occasionally occur 
in the peripheral blood within large mononuclear cells, or even free in the plasma. 
In such casos it was demonstrated that the disease could be reproduced in other 
animals by blood inoculation, as previously claimed by Koch (1903), Tartakowsky 
(1905), and Carxiano (1912, 1915). Sergent (1923) pointed out that the parasite 
described by Dschunkowsky and Luhs as P. annulatum did not differ in any 
way from that found in cattle in Algeria or in East Africa. He concluded that 
only one parasite, T. parva^ was res^ionsible for the disease of cattle in East 
Africa, North Africa, and Transcaucasia. Ho emphasized the fact that it was often 
associated with P. mutans and Anaplasmti, and that the occurrence of jaundice 
or even hirmoglobinuria, which do not occur in typical xnire infections with T, parra, 
might be accounted for by the mixture of infections. The Egyptian disease may 
be identical with that of Algeria, but that these are East (""oast fever is doubtful, 
since Sergent and his co-workers (1924) recognize a distinct parasite, Theileria 
dispar^ as the cause of the Algerian disease. 

Bnunpt (1923) describes a series of experiments with a Tunisian virus which 
appeared to be undoubtedly P. mutans. During a series of passages by direct 
inoculation of blood made in France it was found that some of the animals acquired 
an intense and fatal infection associated not only with the presence in the red 
blood-c.orpuscles of enormous numbers of parasites of the usual type, but also with 
the occurrence of schizonts in the peripheral blood and internal organs. These 
schizonts were very similar to Koch's blue bodies, and Brumpt reaches the con- 
clusion that the parasite usually called P. muians is in reality a Theileria, and 
that its correct name is T. mutans. l^sually the infections are mild and 
schizonts are not apjtarent, but in inten.se infections they occur in largo numbers 
and the true nature of the ]>arasito is revealed. The parasite T. mtttans 
differs from T. parva in certain respects, though the general appearance of the 
blood forms and schizonts is very similar. The ovoid, annular, bacillary, comma- 
sha])ed, and cross forms appear in different proportions in the two infections. Both 
binary and quarternary division forms occur in both infections. The schizonts of 
T. mutans are larger than those of T. parra, while the nuclei of the former tend to 
bo (»void in shape and those of the latter spherical. 'I’liere is. however, a profound 
difference in virulence. Infections in adult animals due to T. mutans prove fatal 
in only 5 to 10 per cent, of cases, while in those due to T. parva the mortality reaches 
95 to KK) per cent, ('alves are much less susceptible, though the same difference 
is noto<l. Animals which have recovered from T. parva infections no longer harbour 
parasites, and are completely immune, whereas those infected with T. muians 
constantly harbour the parasites, and are liable to relapses during the rest of their 
lives. A small dose of blood from animals harbouring T. mutans injected into 
healthy animals conveys the infection, whereas large doses of blood from animals 
infected with T, parva does not do so, though injection of material from the organs 
containing schizonts conveys infection. Velu (1923), working in Morocco, has also 
noted that the small piroplasma of cattle is readily inoculable from animal to animal. 
In those cases in which a mild infection is produced the xtarasites occur only in 
the blood, and schizonts appear to be absent from the organs. AMieii a virulent 
infection is produced, the schizonts are present. The animals remain carriers for 



1036 


FAMILY: THEILERIIDiE 


long periods after recovery. Vein’s observations are thus a direct confirmation of 
those of Brumpt. Doyle (1924) in Cyprus and Edwards (1926) in India have come to 
the same conclusion after finding blue bodies in cattle infected with what appeared 
to be mutans. They are present, however, in small numbers only, a feature 
which distinguishes the infection from true East Coast fever. On the other hand, 
Sergent, Ed., and his co-workers (1924) believe that in Algeria two small parasites 
occur, one of which is B. mutans (they employ the name Gonderia mutans), and the 
other a Theileria, to which they give the new name T. dispar without considering 
T. annulata. They come to the conclusion that B. mutans never produces 
schizonts, and they disagree with Brumpt that the two parasites are one. 
T, dispar is said to differ from T. parva in that it is readily inooulable by means 
of blood, and that it gives rise to aiifemia and splenomegaly. 

Brumpt (1924) reviews the recent work on the small piroplasmata of cattle, and 
concludes that the following four species of Theileria occur which differ from one 
another biologically : 

T. mutans, — Non-pathogenic, transmissible by direct blood inoculation, per- 
sistence of parasites in the blood for long periods (no immunity). 

T. annulata. — Sometimes pathogenic, transmissible by direct blood inoculation, 
persistence of parasites in the blood for long periods, at any time during which a 
fatal relapse may occur (no immunity). 

T. dispar. — Pathogenic, transmissible by direct- blood inoculation, no per- 
sistence of parasites after recovery (complete immunity), 

T. parva.-— Highly pathogenic, not transmissible by direct blood inoculation, 
no persistence of parasites after recovery (complete immunity). 

It is admitted that these species can hardly be differentiated morphologically, 
and that they represent a series the individuals of which merge into one another 
by gradations. Thus, there are types of infection with T, annulata which cannot 
be distinguished from those due to T. mutans. Koch's blue bodies occur very 
rarely in T. mutans infections in which reproduction of the parasites in the red blood- 
corpuscles occurs. At the other extreme is T. parva, in infections with which 
Koch’s blue bodies are constantly present, while there are no multiplying forms 
in the red blood-corpuscles. 

THEILERIA OF SHEEP, GOATS, AND OTHER ANIMALS. 

Though many parasites have been placed in the genus Theileria, in 
only two instances, apart from T. parva of cattle and the other species 
found in these animals, if they are authentic, has the presence of schizonts 
been observed. Accordingly all the forms have been considered above as 
belonging to the genus Babesia unless the presence of schizonts like those 
occurring in the development of T. parva has been definitely recorded. 

Theileria hirci Dschunkowsky and Urodschevich, 1924.— The occur- 
rence in sheep and goats of a small parasite resembling B. mutans 
has been referred to above (p. 1007). Though the name T. ovis was 
suggested by various observers for a parasite of sheep, they produced 
no evidence that reproduction by schizogony occurred, so that there 
is no alternative but to regard the parasites as belonging to the genus 
Babesia and allied to B. mutans. Mason (1915 and 1916) has, however, 
described what appears to be a true Theileria from Egyptian and Sudanese 
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sheep. The blood forms resembled those of T, parva of cattle, while 
Koch’s blue bodies (schizonts) were found in the lymphatic glands, and 
also in the spleen, which was enlarged to three or four times its normal 
size. As the name T. ovis was suggested for the small parasite belonging 
to the genus Babesia, it is no longer available for the true Theileria of 
sheep, though Mason uses it in this sense. Working in Serbia, Dschun- 
kowsky and Urodschevich (1924) encountered a small parasite in the 
red blood-cells of goats. In the peripheral blood they also saw structures 
which they interpret as Koch’s blue bodies. They conclude that the 
parasite belongs to the genus Theileria, and they name it T, hirci. 
Lestoqiiard (1924) records as T. ovis a parasite of sheep in Algeria (Fig. 430). 



Fig. 430 . —Theileria hirci of Sheep (xm. 3,000). (After Le.stoquard, 1024 .) 

1-4. FormN in peripheral blood. 

0-7. Schizonts (blue bodies) from smears of liver and spleen. 

Schizonts were found in the liver, spleen, kidneys, and bone marrow. 
As both goats and sheep are inoculable with the parasite, it seems prob- 
able that the form observed by Dschunkowsky and Urodschevich (1924) 
in goats was the same. The name T, hirci may therefore be accepted as 
the correct name for the Theileria of sheep and goats. 

According to Lestoquard (1924), the disease is characterized by con- 
stitutional disturbances accompanied by fever. On the second day of 
the disease there may be a transient h«emoglobinuria. A fall in tempera- 
ture followed by death then occurs. After death all the organs show 
hesraorrhagic lesions similar to those in cattle which succumb to East 
Coast fever. 
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The parasites as they occur in the red blood-corpuscles are very 
similar to B, sergenti^ B, mutans, and the blood forms of T, parva. About 
2 per cent, of the corpuscles of the peripheral blood are infected. In 
blood taken from the spleen the percentage is higher. Schizonts occur 
in the liver, spleen, kidneys, and lymphatic glands. 

Priestly (1915) described as T, tachyglossi a small parasite of the 
red blood-corpuscles of Tackyglossus aculeatus, an echidna of Australia. 
The blood forms resembled those seen in T. parva infections of cattle, 
while in smears of the organs and also in the blood structures resembling 
the schizonts of the same parasite were said to occur. 

The structures described as T, tsutsugamushi which Hayashi (1920) 
recorded from the lesions of tsutsugamushi disease of man in Japan may 
not be parasites at all. 

Action of Drugs on Babesia and Theileria. 

Though many drugs, including the various arsenic derivatives, have 
been employed in the treatment of piroplasmosis, the only drug which 
has anything like a specific action is trypan blue. As was first shown by 
Nuttall and Hadwen (1909), a dose of 5 to 10 c.c. of a 1 or 1*5 per cent, 
solution injected intravenously has the effect of causing 5. cania in the 
blood of dogs to degenerate and eventually disappear. Jn this manner 
the serious symptoms resulting from heavy infections may be averted. 
Though the animals recover clinically, they are in the condition of 
naturally recovered animals, for the blood remains infective for many 
years. Trypan blue has a similar effect on B, bigernina, B, cahalli, 
and B, motasi, and the drug is recognized as a curative agent. On 
the other piroplasmata of cattle and horses and the parasite of East 
Coast fever, T. parva, it has no action whatever. It thus appears that 
trypan blue is specific for the largest of the piroplasmata and not for 
the smaller forms. This fact has been put forward as an argument in 
favour of the separation of the large parasites in a separate genus. The 
distinction is really a physiological one, and, like the immunity reaction, 
cannot be employed for the separation of genera and species. 

Supposed Theileria of Man. 

In this connection may be mentioned a supposed Theileria which has been 
described as the cause of tsutsugamushi disease, an infectious condition which occurs 
along the rivers in the northern provinces of Japan. Kitashiina and Miyajitna 
(1918) have given a complete account of the disease. It is produced bj'^ the bite 
of a mite (Lepius akamushi), and is characterized by fever which occurs about eight 
days after exposure to infection. Recovery in about a mouth is the rule, but death 
may occur in about ten days. Hayashi ( 1 920) claims to have discovered an organism 
which he believes is the causative agent, and has elaborated for it a complicated 
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life-cycle. It occurs in the form of short rods, spheres, or ria< 3 js, and is found chiefly 
in endothelial cells at the region of the wound inflicted by the mite, in the lymphatic 
glands, and the spleen. It may occur free in the plasma and in severe cases in the 
red cells. In Aims stained by Romano wsky stains the supposed parasite is seen to 
consist of blue cytoplasm and red chromatin. It is assumed that reproduction 
takes x^l^GO by binary fission as also by schizogony, like that occurring in 
T . parva. Furthermore, Hayashi describes a most complicated life-cycle in which 
asexual and sexual stages occur. It is impossible to accept these statements till 
more evidence of the parasitic nature of the structures is forthcoming. Hayashi 
concluded that he was dealing with a species of Theileria, which ho named 
T, tsulmgamushi, but the structures may not be parasites at all, though they bear 
some rO'^ernblance to liiekettsia. Faust (1923a) believes that the disease may occur 
in the Yangtse Valley in ("hina, for in smears of the blood and spleen of cases which 
appear to bo similar to those of Japan he has found within red blood-corpuscles 
and mononuclear colls small bodies which correspond with those described by 
Hayashi. These intracorx)uscular bodies may possibly be GraJuimeH^i (p. 1056). 


UNPIGMENTED PARASITES OF THE RED CELLS OF COLD- 
BLOODED ANIMALS. 

Certain unpigmented parasites of the red blood-eorpuscdes of reptiles 
and amphibia have been described. They cannot be included with the 
hsemogregarines, and it is possible they are the representatives in cold- 
blooded animals of the mammalian piroplasmata. 

Dactylosoma ranarum (Kruse, 1890). — In the blood of frogs there 
sometimes occurs within the red cells a small parasite which is devoid 
of |)igment, and which multiplies by producing four to sixteen merozoites 
(Fig. 431). According to Noller (19136), who is the most recent observer 
to study this organism, it was first seen by Kruse (1890) in European 
frogs. He gave it Lankester’s name, Drepanidium ranaruiH. Celli and 
Sanf(*lice (1891) wrote of it as Hatniogregarina ranarum, and Grassi and 
heletti (1892) as Laverania ranarum, as they recognized its resemblance 
to the human malarial parasites. Labbe (1894) studied the organism 
and placed it in a new genus as Dactylosoma splendens. As Kruse (1890) 
had used the 8X)ecific name ranarum, the parasite becomes Dactylosoma 
ranarum Kruse, 1890. Owing to the fact that gametocytes of an elongate 
form occur in the red cells, these have been described by various observers 
as minute heemogregarines belonging to the genus Lankesterella, and much 
confusion has resulted. 

D, ranarum has been seen frequently in European frogs by the above- 
mentioned observers, and by Ziemann (1898), Hintze (1901), Sambon 
and Low (1901), and Franca (1908c). Durham (1902) described the 
organism from Brazilian toads, and Billet (1904) in Tunis attempted 
to trace a connection between it and Trypanosoma inopinatum. Dutton, 
Todd, and Tobey (1907) observed the organism in Rana galemensis of the 
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Gambia, while Finkelstein (1908) recorded it from Caucasian frogs. Mathis 
and Leger, M. (1911a), again met with it in R. giintheri of Tonkin. It is 
evident, therefore, that it has a wide distribution. 

According to Noller (19136), the asexual stage of the parasite may be 
seen within the living red cells as hyaline masses of cytoplasm, either 
elongate or rounded, and containing characteristic globules of a refringent 
material (Fig. 431). The schizonts have a diameter of 4 to 9 microns, 
while the number of merozoites produced is four to sixteen. In films 
stained by Romanowsky stains the parasite consists of blue cytoplasm 





Fig. 431 . — Dactylosoma ranarum fkom the Blood of Frogs. ( 1-5 after Mathis 
AND Leger, 1911 ; 6-14 after N’oller, 1913 .) 

1-5. Forms in red blood-corpuscles of JRana g'dntheri of Tonkin. Dried films. ( x l,lfK).) 

6-14. Form in red blood-corpuscles of Mana esculenta of Europe. The red cells are not repre- 
sented. Wet fixed films. ( x 2,700.) 

6-10. Stages in schizogony. 11-12. Microgametocytes. 13-14. Macrogametocytes. ^ 



containing a varying number of nuclei, and also other granules which 
take a red colour. When nuclear multiplication is complete merozoite 
formation commences, and this takes place frequently by the development 
of buds on one side of the parasite only, producing eventually a fan-like 
appearance very similar to that occurring in Babesia quadrigemina or 
Plasmodium minasense (Plate XVII., 6-15, p. 982, and Fig. 426). When 
the number of merozoites produced is only four, the resemblance is very 
striking. The individual merozoites are slightly elongate bodies measur- 
ing 2 to 3 microns by 1 to 1*6 microns. The nuclei are roughly spherical. 
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Noller describes a second type of schizogony which gives rise to merozoites 
having slightly elongate or even dumb-bell-shaped nuclei. This type 
of merozoite, after entering another red cell, grows into a gametocyte 
instead of into a schizont (Fig. 431, 11 - 14 ). The gametocytes, when fully 
formed, are about 5 to 8 microns in length by 1*5 to 3 microns in breadth. 
They usually lie at one end of the red cell, and the narrower end is often 
bent into a loop. In some of the gametocytes the nucleus, which is 
a spherical body, contains a small karyosome, while in others there is a 
much larger one. The former may represent male gametocytes, and the 
latter female. Noller was unable to obtain any transmission by the 
leech, Hemiclepsis marginata, and expresses the opinion, though on what 
grounds is not clear, that the fish louse,'’ Argulus foliaceus, is the 
probable vector. Owing to the fact already noted that the gametocytes 
of Dactylosomn ranarum are elongate, vermicular structures, it is possible 
that some of the small parasites which have been supposed to be haemo- 
gregarines really belong to this genus. Thus the small one described by 
Fantham (1905) as Lankesterella tritonis may be a Dactylosoma of the 
newt. Awerinzew (1914) described as Lankesterella amania a parasite of 
Chamreleon fischeri of West Africa. It occurred as minute spherical bodies 
in the red cells. One to six nuclei were present, and production of six 
merozoites was described. The parasite is evidently allied to that of the 
frog, and should be known as Dactylosoma amanice. 


PARASITES OF DOUBTFUL NATURE. 

There occur in either the blood or organs of animals certain parasites 
which cannot be placed in any natural scheme of classification of the 
Protozoa. It is possible that in some cases they are not Protozoa at all. 
The most important of these are the organisms included in the genus 
Toxoplasma. Other forms are Elleipsisoma, Pirhcemocyton, and Cytamoeba. 

Toxoplasma Nicolle and Manceaux, 1909. 

The organisms included in the genus Toxoplasma occur as parasites 
in the body fluids, endothelial cells, or leucocytes of various vertebrates. 
They have the form of small elongate, slightly curved masses of cytoplasm 
with a central nucleus, and are found in the cells either singly or in groups 
which result from a process of repeated binary fission. When they occur 
singly they not infrequently lie against the nucleus, which may be indented, 
so that they bear some resemblance to the leucocytozoa or leucocytic 
heemogregarines, to which some of the forms described in birds have been 
referred. The occurrence of reproduction by binary fission does not 

II. 67 
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harmonize with this view. As suggested by Ndller (1920), some of them 
may be merozoites of haemogregarines or coccidia. Aragao described 
parasites from seven South American birds. He regarded them as haemo- 
gregarines, but Noller (1920) came to the conclusion that they were 
probably toxoplasmata. Hoare (1924a), who has described a typical 
leucocytic haemogregarine (Hepatozoon adiei) from an Indian eagle, has 
examined Aragao’s description, and finds that in all probability five of 
the birds actually harboured haemogregarines (see p. 1095), but that in 
two {Sporophila albigularis and Sicalis jlaveola) the parasites were toxo- 
plasmata. Mayer, according to Noller (1920), discovered a parasite 
which appeared to be a toxoplasma in the spleen and liver of a bird 
(Chrysomitris spinus L.) in Hamburg. The bird also had the small 
intestine infected with an organism which resembled an Einieria, There 
were male and female gametocytes of the Elmer ia type and also schizonts. 
The latter occurred in the subepithelial tissues, amongst which numerous 
merozoites were dispersed. They were traced in the lymphatics to the 
liver, and it appears not improbable that the forms in the liver and spleen 
were in reality merozoites of the intestinal organism. Though some of 
the toxoplasmata may be merozoites of ha)mogregarines or coccidia, this 
cannot apply to such an organism as Toxoplasma gondii^ which is readily 
inoculable from animal to animal, and which multiplies by binary fission. 
Till more is known of the life-history and the natural mode of infection 
of toxoplasmata it will be impossible to determine their relationshij) to 
other Protozoa. 

The first of these organisms to be discovered was T, gondii (Nicolle 
and Manceaux, 1908), which was found by them (1908) in the gondi 
{Ctenodactylus gundi) of North Africa (Fig. 432). In the same year 
Splendore described a form {T, cuniculi Splendore, 1910) from the rabbit 
in Brazil. Both these parasites are readily inoculable to pigeons. It 
seems probable that a parasite seen by Laveran (1900) in the Java sparrow 
{Munia oryzivora) was really a toxoplasma. Adie (1908) described what 
was undoubtedly one of these organisms from the common sparrow of 
India, and Novy and McNeal (1904) another as Hwmoproteus rouxei of the 
American sparrow. De Mello (1910) discovered a dog naturally infected in 
Turin, an observation repeated by YakimofI and Kohl-Yakimoff (19116) 
in Germany, and by Boez (1921) in Strasburg. Prowazek (1910) men- 
tioned as T, talpcB a form seen by him in a Japanese mole. Carini (1911a) 
described a natural infection of a dog and pigeon in Brazil with a form which 
he concluded was T. cuniculi, since the rabbit parasite originally discovered 
by Splendore was readily inoculable to dogs and pigeons. Bourret (1911) 
found a rabbit infected in Senegal, while Brug, den Heyer and Haga 
(1925) described an epidemic amongst these animals in the Dutch East 
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Indies. Sangiorgi (1913) described in Italy T. musculi from the mouse (Mus 
musculus) and (1914a) T, ratti from the rat {Rattus rattus), while Carini 
and Migliano (1916) in Brazil gave the name T. cavice to a form occuring 
naturally in the guinea-pig. Marullaz (1913) rediscovered the parasite 
originally seen by Laveran in the Java sparrow, and came to the conclusion 
that it belonged to the genus Toxoplasma, to which he also ascribed the 
various parasites described as haemogregarines of birds by Aragao (1911) 
in Brazil. Marullaz proposed to name it T. avium, but Aragao had 
already written of the parasite as Hcemogregarina paddce, so that the form 
in the Java sparrow is T, paddce. The parasite described by Todd and 
Wolbach (1912) as Leucocytogregarina neophrontis of the Gambian vulture 
{Neophron monachus) is also a toxoplasma. Laveran and Marullaz (1914) 
described T. liothricis from the Japanese bird, Liothrix htteus, and de 
Mello (1915) as H.francce a toxoplasma of the Indian pigeon. Plimmer 
(1916a) described parasites of this type in a small carnivorous mammal of 
Madagascar {Cryptoprocta ferox) and two birds {Carpophaga concinna of 
the Am Isles and Pratincola caprata of India). He also described a form 
in a snake {Coluber melanoleucus) of Mexico. All these animals examined 
by Plimmer had died in the Zoological Gardens in London. Walzberg 
(1923) describes toxoplasmosis of the greenfinch in Germany. Castellani 
(1913) discovered certain bodies in spleen smears of a man in India who 
had died of an irregular type of fever associated with enlargement of the 
spleen. He considered the organism to be a toxoplasma, and gave it the 
name T. pyrogenes. Fedorovitch (1916) claimed to have discovered the 
same organism in South Russia. 

Toxoplasmagondii(Nicolleand Manceaux, 1908). — As already remarked, 
this organism was discovered in North Africa in the little rodent, Cfenodac- 
iyhis gundi, by Nicolle and Manceaux (1908). It was first thought to be a 
species of Leishmania, but further study convinced its discoverers that it 
was a totally different organism, and in 1909 they founded the new genus 
Toxoplasma for its reception. Curiously enough, the organism has only 
been found in animals which have been kept for some time at the Institut 
Pasteur of Tunis. Newly caught animals have not been found infected. 
Of 400 animals examined within a month of capture, only two were 
infected, while of seventy-one examined after a month of confinement, 
thirty-three were infected. This fact seems to suggest that the infection 
was contracted at the Institute. In 1916 a dog which had been kept 
near the infected rodents was also found to be suffering from toxo- 
plasmosis. 

Morphology. — The organism is elongate and often has a curved or 
crescent form (Fig. 432). It measures from 4 to 6 microns in length by 
2 to 3 microns in breadth. It is pointed at each end, but frequently one 





TOXOPLASMA 1046 

end is more so than the other. The nucleus, which in dried films 
stained by Romanowsky stain consists of an aggregation of red granules, 
and in wet fixed films is seen to be spherical and to possess a central 
karyosome, is slightly nearer the blunter extremity than the other. 
Towards the other extremity is another structure called by Nicolle and 
Manceaux the paranuclear body. In Romanowsky films stained after 
osmic fixation it has the form of a bluish-violet homogeneous body, while 
in wet fixed films stained by the iron-hsemotoxylin method it appears as 
a vacuole containing granules (Fig. 432, 14). Examined fresh, the 
parasites appear quite motionless, though not rigid. They can be seen 
typically free in the peritoneal exudate of inoculated animals. Nicolle 
and Manceaux, who first regarded the parasites as related to the leish- 
mania, attempted to obtain evidence by culture methods of the existence 
of a flagellate stage. No such form could be found, in spite of the fact 
that Splendore, who had discovered a toxoplasma of the rabbit in Brazil, 
claimed to have seen them in dried smears of organs. There seems to be 
little doubt that Splendore was misled by artifacts. In the peritoneal 
cavity of animals inoculated intraperitoneally the parasites occur either 
free in the rather thick gelatinous exudate or within cells, which are chiefly 
of the mononuclear type. Within the cells they lie in vacuoles in the 
cytoplasm. Only a single one may be present, or the cytoplasm may be 
packed with them, either in separate vacuoles or as a single group in a 
large vacuole. Reproduction is by longitudinal division (Fig. 432, 11). 
The nucleus first divides by elongation and con.striction of the karyosome, 
and this is followed by division of the cytoplasm. In addition, reproduc- 
tion by schizogony has been described. The process was first noted by 
Splendore in the case of T. cuniculi. It appears that the so-called schizonts 
can be explained as masses of organisms, the outlines of which have been 
obliterated by degeneration or faulty technique. Similar errors have 
given rise to the idea that schizogony occurs in the ca.se of lei.shmania, and 
even trypanosomes (T. cruzi). In the case of T, gondii, however, Nicolle 
and Manceaux maintain that schizogony does actually occur (Fig. 432, 6-10). 
In this process the single parasite within the cell grows into a spherical 

l. VariouH types of spore. 2. Spore with drawn-out extreiivity. 

3. Single HjKire and one just divided. 4. Spore with dividing nucleus. 

«5. Twh> young sehizontB. 6. I.»arger schizont with nuclei dividing. 

7. Small schizont having produced a group of spores. 

H. I.iarge schizont in cytoplasm of large cell. 

9. (.Iroup of spores resulting from schizogony. 

It). Group of schizonts in smear of lung, 

1 1. Group of spores dividing by binary fission. 

12. Group of spores in the cytoplasm of a cell resulting from repeated binary tission. 

13. Abnormally-shaped sj^res. 

14. Character of spores vmen fixed and stained without drying, 

15. Merozoites of coccidium from intestine of cat for comparison. 
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body up to 20 microns in diameter. During growth, repeated nuclear 
divisions take place till as many as twenty to thirty nuclei are present. 
Finally, segmentation into a number of organisms occurs. It appears, 
however, that the more usual method of multiplication, as pointed out by 
Chatton and Blanc (1917), is by binary fission, and this may take place 
either extra- or intra-cellularly. So far no observer has been successful in 
obtaining cultures of the parasite. If this could be done, it might throw 
light on the affinities of this group of organisms. 

Susceptibility of Animals. — Intraperitoneal injection of gondis with in- 
fected material from other animals produces an acute infection, leading 
to death in seven to thirteen days. There is accumulation of exudate in 
the peritoneal, pleural, and pericardial cavities, and numerous parasites 
are found in the exudate either free or intracellularly. The spleen and 
liver show little enlargement in these acute infections, though small 
numbers of parasites occur here, and also in the blood-stream. The natural 
infection of gondis is of a more chronic nature, and the animals survive 
several months. In these cases there is not the extensive exudate forma- 
tion in the serous cavities as after intraperitoneal injections. The liver 
and spleen are hypertrophied, and the latter organ contains large numbers 
of parasites. There is congestion and hepatization of the lungs, and 
parasites are found here also. In the blood and other organs the parasites 
are scanty. A large number of other animals have been proved to be 
susceptible to T, gondii after intraperitoneal, intravenous, or subcutaneous 
inoculation. Dogs, cats, mice, jerboas, guinea-pigs, rabbits, pigeons, 
Java sparrows, and other small animals have been shown to be sus- 
ceptible. Rats, on the other hand, have not been infected. The virus 
injected intraperitoneally or intravenously produces, as a rule, an acute 
infection, leading to death in one to three weeks, according to the size of 
the animal. Subcutaneous injection is less certain to produce infection, 
which, if it occurs, is of a more chronic character. It is a remarkable fact 
that the organism is inoculable into such a variety of hosts, and in this 
respect it differs from other pathogenic Protozoa which show a much 
greater specificity. The fact that the virus from the gondi will infect 
rabbits, guinea-pigs, dogs, mice, moles, pigeons, and Java sparrows, in 
all of which naturally occurring toxoplasma infections have been found, 
raises the question of the identity of these various forms. 

Brug, den Heyer and Haga (1925) observed an epidemic amongst rabbits 
in the Dutch East Indies which apperaed to be due to infection with a 
Toxoplasma. Post-mortem the spleen was enlarged and dotted over with 
necrotic areas, which also occurred in the liver and lungs. Parasites were 
discovered in the spleen, liver, lungs, and heart blood. Numerous multi- 
nucleated bodies from 4*5 to 38 microns in diameter occurred. These 
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were regarded as schizonts, which were destined to break up into spores. 
In addition, many small bodies with two nuclei were seen, as also the 
small uninucleated curved spores, which were frequently grouped in 
masses in spaces in the tissues. The resemblance of certain stages to the 
schizonts of coccidia and of others to Encephalitozoon cuniculi is noted 
(Figs. 322, 323). 

Other Species of Toxoplasma. 

As will be seen from the list given below, numerous species have 
been described. In most cases these have only been studied in smears of 
the organs of animals which have been killed or died. In some cases it is 
even doubtful if the structures described as Toxoplasma are actually of this 
nature. It has been already remarked that in the same year that Nicolle 
and Manceaux discovered T. gondii, Splendore in Brazil discovered 
T. cuniculi in the rabbit. With this parasite, which is morphologically 
indistinguishable from that of the gondi, Splendore (1909) was able to 
infect rats, guinea-pigs, rabbits, and frogs, while Carini (1909) infected 
pigeons. With the naturally occurring dog parasite, T. canis of Brazil, 
Carini (191 In) infected rabbits, and Carini and Maciel (1913) dogs and 
pigeons. Carini and Migliano (191G) discovered T, cnvice in guinea-pigs, 
and showed that it was inoculable to pigeons. It will thus be seen that 
there are no means of distinguishing the various named species. 

Recorded Species of Toxoplasma. 

]Sran: T, pyrogenes, ('astollaiii, 1913, <'eyloii; Fodorovitch, 1916, Black .^ea. 

Monkey ( MijceieH HeniciiluH) : T. sp. Theze, 1916, Giiiaua. 

Dog (( \tni8 familiaris) : T, canis, do Mollo, 1910, Italy ; Carini, 1911, Brazil ; Yakiinoff, 
1911, Germany; Carini and Maciel, 1913, Brazil; Fodorovitch, 1916, Black Sea; 
Blanc, 1917, Tunis; Bocz, 1921, »S(rasl>urg. 

Fossa (Cryptoprocta ferox) : T. sp. Plimiiier, 1915 (Zoological Gardens, London), 
Madagascar. 

Gondi {Vienodaciylns gundi) : T, gondii, Xioolle and Manceaux, 1909, Tunis. 

Babbit (Lcpus cuniculus) : T. cuniculi, Splendore, 1908, Brazil: Bourrot, 1911, 
SenegJil. 

Bat (Rattus ratius) : T. ratti, Sangiorgi, 1914, Italy; v. Saceghem, 1916, Congo. 
Mouse (Mas miisculus) : T. miisculi, Sangiorgi, 1913, Italy. 

Guinea-pig (Cavia cobayn) : T, caviw, (^arini and Migliano, 1916, Brazil. 

Squirrel (Sciurtis sp.): T. sciuri, ('’oles, 1914, England. 

Mole (TaJpa sp.): T, talpw, Prowazok, 1910, Japan. 

Birds: 

Columha domestica : T, columbw, Carini, 1911, Brazil; T, franca*, de Mollo, 1915, 
India. 

tSporophila albigularis : T, sporophilw, AragAo, 1911, Brazil. 

Sicalis flnveola : T. siealidis, Aragao, 1911, Brazil. 

Neophron monachm : T, neophrontis, Todd and Wolbach, 1912, Gambia. 

Jf im^ orizivora: T, paddw, Aragao, 19U; T, avium, Marullaz, 1913; Lavoran 
1900 (Java sparrow, locality I). 
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Birds ; continued — 

Liothrix luteus : T, Uothricie, Laveran and Manillaz, 1914, Japan. 

Carpophaga concinna : T, sp. Plimmer, 1916 (Zoological Gardens, London), 
Aru Isles. 

Pratincola oaprata : T. sp. Plimmer, 1916 (Zoological Gardens, London), India. 
Turdus rufiventris : T, sp. Carini and Maciel, 1916, Brazil. 

Volatinia jacarini : T. sp. Carini and Maciel, 1916, Brazil. 

Aaptus ehopi : T, sp. Carini and Maciel, 1916, Brazil. 

Pitangus sulphiiratus : T, sp. Carini and Maciel, 1916, Brazil. 

Elcenca albiceps : 1\ sp. Carini and Maciel, 1916, Brazil. 

Gypagus papa : T. sp. Carini and Maciel, 1916, Brazil. 

Sparrow: T, sp. A die, 1908, India. 

Snake {Coluber melanoleucus) : T, sp. Plimmer, 1916 (Zoological Gardens, London), 
Mexico. 


Supposed Toxoplasma of Man. 

Toxoplasma pjrrogenes Castellani, 1914. — Under this name Castollani (19146) de- 
scribed certain structures which ho found in smears of the blood and s])leon of a man 
who died in Ceylon. Their probable nature was discussed by the writer ( 1 923 ). They 
are round, ovoid, or piriform in shape, and about 6 microns in diameter (Fig. 433, A-C). 
A form 12 microns in diameter <and containing several chromatin granules is described 
as a schizont. From ("asiellani’s diagrammatic figures (Fig. 443. B) it is impossible 
to judge of their nature, but Plate 0914), who saw the films, came to the conclusion 
that they represented some unknown Protozoon which it was impossible to classify* 
He gives two figures which appear to have been carefully drawn (Fig. 433, A ). These 
resemble vegetable cells like yeasts more than any other organism, and it is evident 
Plate did not realize the possibility of tissues becoming contaminated after death. 
There is no evidence that the bodies are Protozoa at all, much less toxoplasmata. 
They are almost certainly contaminating organisms of a vegetable nature. The 
structures seen in the blood of a child by Fedorovitch (1916) on the Black Sea 
coast (Fig. 433, (") and which he regarded as nearly related to T. pyrogenes, are 
without doubt cocci, large bacilli, or yeasts which had contaminated the films. 
Chalmers and Kamar (1920) claimed to have discovered T. pyrogenes in a case 
of splenomegaly in the Sudan, but, as pointed out by the writer (1922), they wore 
dealing with altered leishmania. It is perfectly clear that no such jiarasite as 
T. pyrogenes exists. It should always bo remembered that vegetable colls, when 
stained in dried films with Romanowsky stain, take the characteristic; red and blue 
colours (Fig. 433). 8uch organisms may find their way into the spleen or other 
organs from the intestine after death, they may appear in smears because the slides 
were contaminated before the films were made, or they may fall on the film from 

A. Toxoplasma pyrogenes as depicted by Plate (1914) from films made by Castellani. 

B. Toxoplasma pyrogenes as depicted" by Castellani (1914). 1-4, Small forms; 6, large form, 

described as schizont. 

C. Twcoplasnia pyrogenes as depicted by Fedorovitch (1916). 

D. Supposed hsemogregarine of trench fever as depicted by Biraond (1917). 

E. Vegetable cells depicted by ^Ifour ( 1914) from a contaminated blood-film of a Sudan cob. 

The form E 3 boars a striking resemblance to a hsemogregarine. 

F. Vegetable cells and other organisms described by Elders (1911) as Protozoa in human blood. 

The form at F 3 may be a Euglena or Astasia. 

G. Vegetable cells described by Manson (1995) as possibly Protozoa fn>m a spleen smear made 

post-mortem from a case of kala-azar. 

H. Vegetable cells described by Castellani and Willey (1905) from human blood. Castellani and 

Chalmers (1919) make the suggestion that they may be spores of Sarcocystis. 

I. Vegetable cells seen in spleen smear of a case of kala-azar by Bousfield (1911 ). 
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Pig. 433. — Various Bodies, Probably op Vegetable Nature, which have 

BEEN ERRONEOUSLY DESCRIBED AS PARASITIC PROTOZOA. (AfTER WeNYON, 

1023, FROM Tropical Diseams Bulletin, vol. xx., p, 545.) 

The magnifioation is indicated by the red blood-corpusole.s. 

[Far description see opposite page 
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the air. At other times they occur in the distilled water used for staining, and are 
deposited on the film. Bocha>Lima (1912) drew attention to the fact that yeasts 
stained in this manner frequently simulated Protozoa, and pointed out that 
Histoplasma eapsulatum and Cryptococcus farcinimosus, both of which had been 
regarded as Protozoa, were in reality yeast-like organisms (Plate III., 1 - 2 , p. 394). 
Fedorovitch’s observation, noted above, is quoted by CJastollani and Thalmers 
(1919) in support of the specific nature of this parasite. The figures given by 
Fedorovitch show structures which are unquestionably contaminating organisms. 





Fig. 434. — Elleipsisoma thomsoni 
FROM THE Blood of the Mole 
(x 1,200). (After J. I). Thomson, 
1906.) 

1-4 and (>. Intracorpuscular forms The 
cell is considerably enlarged 
5. Fonn free in ))lasma. 


Elleipsisoma FRAN 9 A, 1912. 

The curious parasite which was named 
Elleipsisoma thomsoni by Franca (19125) 
was first discovered by Thomson, J. D. 
(1906), in moles in England. It was sub- 
sequently studied by Franc/a (1911a) in 
Portugal. It resomblos a Babesia in being 
devoid of pigment, but differs in other 
respects. It appears to bo either wuthin 
the red colls or free in the plasma (Fig. 434). 
The largest forms may roach a diameter 
of 8 microns. Within the cells the adult 
parasites arc usually ovoid, and measure 
from 6 to 7*5 microns in length by 4*5 to 
6 microns in breadth. Multiplication forms 
wore seen only in smears of the lungs, and 
the i)rocess takes j)lace by binary fission, 


whereby tw'o somewhat elongate individuals are produced, and possibly by a multiple 
division, as forms with as many as five chromatin masses were seen. The figures 


given by Fran 9 a of the division forms are not very convincing, and it is evident 
that the parasite requires further investigation. Because it differed in cerl ain respoc^ts 
from the piroplasmata, Franca placed it in a now genus as E. thomsoni. 





Fig. 435 . — Toddia hufonis from Blood of the Toad, Bufo regular is 
( X ca. 1,500). (After Franca, 1910.) 

In addition to the parasite the red cell contains one or more crvtstalline rods. 
Cytamoeba Labb^, 1894. 

Dutton, Todd and Tobey (1907) described certain intracorpuscular bodies 
which they had seen in the blood of frogs in the Oongo. They occurred as red 
staining spherical structures, which were either homogeneous or granular. Asso- 
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dated with them were rods of a crystalline nature. They had an average diameter 
of about 2 microns, and were referred to as cytamoBbae. Mathis and Leger (1911a) 
describe them from Bufo melanoatictue of Tonkin. Whether they are actually 
parasites or not it is difficult to state, but Franca (1910), who encountered them in 
Btifo regularis of Portuguese Guinea, regarding them as such, established the genus 
Toddia for their reception, and named the form seen by him Toddia htifonis (Pig- 435). 
More recently, llegner (1921a) has given a description of the structures described 
by Labb6 ( 1 894) as Cytamceha hacierifera from the blood of European frogs. Hegner 
discovered the bodies in the red colls of Eana elamitans and B. catesbiana of North 



Fkj. 436. Cyiamwha bncterifera in tiik Rki> Blooi)-(V>rpuscles of Frogs ( x 1,440). 

(After Hegner, 1921.) 

1-4. Hfd cells containing one four '* cyt-amcebje,” as seen in fresh blood. 

5. Roundt'd “ cytanu^ba," a.s seen in stained film. It ap{)ears as a mass of bacilliform 

bodi<*s. 

6. Very yoim^ form aj)tx»arinff in stained film as two bacilliform bodies. 

7. Stivined hkI cell containing a “ cytamtBba ” and a hflemogregarine {Lnnkesterclla), 

8. Stained red cell with two “ eytamoebae.” 


America. They occurred as rounded structures from 3 to 7 microns in diameter, and 
wore situated towards the end of the red cell (Fig. 436). When observed in the 
freshly-drawn blood, they exhibited for a few' minutes active ama^boid changes of 
shape, Wilde the bacillus-like structures w'hich occurred within the bodies, and 
which have been named Bacillus krusei by Laveran (1899a), were in active move- 
nient. The ama*boid movements of the bodies quickly ceased, but the rods con- 
tinued to move about for several hours. The ammboid changes of shape w'hich 
occur at first incline this observer to regard the bodies as parasites within w'hich 
a bacillus is living either in symbiosis or as a hyporparasite. In stained sjiecimens. 
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however, no nucleus could be detected, the rods appearin| 2 ^ like red staining bacilli. 
The view that the bodies are produced by the red blood-corj)U 8 ole as a reaction to 
bacterial invasion is a tempting one, though in this case it would be didicult to 
account for the amoeboid movements. 

Pirhaemocyton Chatton and Blanc, 1914. 

Chatton and Blanc (1914a, 1916) noted within the red cells of the North African 
gecko, Tarentola mauritanica^ a peculiar organism which has some resemblance to 
a piroplasma (Fig. 437, i- 6 ). The smallest forms resembled anaplasmata, and 
appeared in stained dims as red dots about 1 micron in diameter. Tliese led up 
to larger circular individuals measuring 3 to 4 microns in diameter, and consisting of 
clear cytoplasm and a central chromatin dot. In some cases the chromatin dot 
appeared to bo dividing. The presence of the parasite in the red cell was associated 
with the appearance of a globular albuminous body in another part of the cell. 



Fig. 437. Parasites in the Red Blood-( -orpuscles of tde (jrKCKt>, Tarentola 
mauritaniea, OF Tunis ( x 1,000). (After Chatton and Blanc, 1914-1916.) 

1-0. FirJmnwcyton iarentolce. Bet- ides the parasite, the cells contain one or more globular albu- 
minous bodies. 7-9. Unnamed parasite. 

This body varied in diameter uj) to 8 microns, and in the fresh condition a])peared 
to be homogeneous and refractile. The name given to this supposed parasite was 
Pirhcemocyton tarentolw. 

In the same animals another intracorpuscular parasite had been previously 
described by these authors (1914). It consisted of a tiny, elongate, oval, or sickle- 
shaped body, groups of five to ten of which occurred within vacuoles (Fig. 437, 7 - 9 ). 
Each possessed two chromatin granules, one larger than the other, producing an 
appearance of a minute elongate leishmania. Nothing is known of the origin or 
development of either of these parasites. 
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INTRACELLULAR STRUCTURES OF DOUBTFUL NATURE. 

There has been described under various names a number of intra- 
cellular bodies, the nature of which has not been satisfactorily determined. 
Some of them may certainly be parasites, but even this is not clear. The 
best known of these are Anaplasma, Grahamella, and Rickettsia, Some 
hold that Anaplasma is a parasite, and others that it is a degenerative 
change occurring in the red blood-corpuscles as a result of some unknown 
virus. The structures described under the name Grahamella are 
regarded by some observers as definite parasites, and by others as merely 
granules resulting from basophilic changes in the red cells. Those 
grouped under the name Rickettsia are possibly organisms related to 
the bacteria. These various structures will be considered under their 
respective names. 

Anaplasma Theiler, 1910. 

In their study of Texas fever, Smith and Kilborne (1893) described 
certain red granules, which occurred on the margins of the red blood- 
corpuscles of cattle. They called these granules “ marginal points,” and 
concluded that they represented a chronic or resistant phase of Babesia bige- 
mina. Theiler (1910) studied these bodies in South Africa, and came to the 
conclusion that they represented a distinct parasite, to which he gave the 
name Anaplasma marginale. Since then the bodies have been seen by many 
observers, and there has been much controversy as to their real nature. 
They occur very commonly in association with B. bigemina and B, mutans, 
but Theiler (1912) in South Africa and Lignieres (1919) in the Argentine 
recorded instances in which cattle have been subject to pure infections of 
these bodies. It seems probable that cattle all over the world are liable 
to have them in their blood. Theiler distinguished two forms (Pig. 438), 
one which showed a tendency to be near the margin of the red cell (A. mar- 
ginale) and the other towards the centre (A, marginale var. centrale). 
Theiler stated that animals w'hich were immune to one form were inoculable 
with the other. From this time onwards the anaplasmata were described 
by numerous observers in various parts of the world without anything 
definite being discovered. Some regarded them as parasites, others as 
granules analogous to those which appear in red cells in anaemic conditions. 
Within the red cells of man and animals there frequently occur, especially 
in young animals or in anaemic conditions, red-staining granules, which are 
generally known as Jolly bodies.” These are spherical structures, 
which may reach a diameter of 0-6 micron. They are never very 
numerous in the blood, but morphologically they can hardly be dis- 
tinguished from the anaplasmata which occur in the blood of cattle. 
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They are generally supposed to represent the remains of the nucleus of 
immature red cells, so that the cells containing them may be regarded as 
nucleated red cells with very minute nuclei. Laveran and Franchini 
(1914) described them as occurring in numerous animals, including 
rats, mice, rabbits, guinea-pigs, moles, cats, dogs, calves, pigs, and 
monkeys. They repeated an experiment first made by Dias and Aragao 
(1914), who showed that the bodies appeared in animals injected with 
phenylhydrazine. 

Morphology. — The anaplasma body, as it occurs in cattle, is a spherical 
granule which stains a bright red with Romanowsky stains, and varies 




A B 

Fio. 438.—Anaplasmosis op Cattij: {xca. 2,000). (Original.) 

A. A naplasma marginale, 

B. Anaplasma centrak; an enlarged red blood -cor|)U8cle showing basophilic spots is also 

shown. 


in size from 0*1 to 0*5 micron. It shows no structure, though a halo may 
sometimes be seen around it. This is probably a purely mechanical effect. 
The fact that two of these bodies may be in contact, producing a dumb-bell 
appearance, has suggested a multiplication by division. Theiler supposed 
the anaplasmata to be Protozoa, consisting entirely of chromatin, but 
actually there is no evidence that they have a protozoal nature, even if 
they are to be regarded as parasites at all. In some of the smaller piro- 
plasmata, such as Babesia mutanSy as seen in dried blood-films, the cytoplasm 
may be reduced to such an extent that the nucleus alone remains visible. 
It is this fact, together with their frequent association with piroplasmata, 
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which has led observers to regard them as protozoal organisms, to no 
known forms of which do they bear any real resemblance. 

Lignieres (1919) published accounts of the condition as it occurs in 
South American cattle, and his is the only recent contribution to the 
subject which has added to our knowledge of these problematic structures. 
This observer notes that animals may show “Jolly bodies,” which are 
never inoculable from one animal to another, whereas the anaplasmata not 
only occur in the blood in large numbers, as many as 50 per cent, of the 
corpuscles being affected and many of them containing several anaplas- 
mata, but they are readily inoculable to cattle which have not previously 
been infected. 

Furthermore, he has shown that sheep and goats can be inoculated, and 
in these the infection may be maintained indefinitely by sub-inoculations. 
Other animals, such as the guinea-pig, rabbit, pig, and horse, are not 
inoculable. The sheep and goats are not affected by the inoculation, 
except by a transitory rise in temperature at about the thirtieth day. 
There is no visible change in the blood, and anaplasmata cannot be found 
there, but that they are present is proved by the fact that the blood pro- 
duces typical attacks, with appearance of anaplasmata, when inoculated 
to susceptible cattle. It is concluded that in the blood of sheep and goats 
the anaplasma is present in a form too small to be observed. As sheep and 
goats cannot be infected with Babesia bigemina or B, argentina, with which 
the anaplasma is often associated in cattle, inoculation of these animals 
affords a means of separating pure strains of anaplasma. Furthermore, 
the infection produced in cattle by inoculation from the goat or sheep 
is never so severe as that produced directly from cattle, so that the infection 
in these animals may be employed as a means of vaccinating cattle against 
infections. 

In the ordinary course of events, cattle which become infected suffer 
from fever and intense and progressive anaemia, the red cells being reduced 
to a quarter of their number in a few days. The mortality rate varies con- 
siderably, but for adult animals it may be as high as 95 per cent., and for 
young ones 50 per cent. After recovery there is complete immunity to 
reinfection, but, as in the case of the true piroplasmata, the blood remains 
infective for many years. 

Lignieres (1924, 1924a) has succeeded in infecting cattle and sheep in 
France with a strain brought from South America in sheep. Lestoquard 
(1924a) has given the name Anaplasma ovis to the form which occurs in 
sheep and goats in Algeria, but in view of Lignieres’ observation it is 
doubtful if it is distinct from the form in cattle. 

Transmission. — Theiler (1912a) described experiments with Margaropus 
decoloratus. Larvm which had fed on infected animals produced infection 
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of A, marginale in healthy animals after an incubation of fifty-two to 
seventy-eight days. In another experiment, larvee of Rhipicephalus simus 
which had been hatched from eggs laid by adults taken off infected animals 
produced the infection. In a similar manner, Theiler claimed to have 
transmitted A, centrale by means of M, decoloratus which had been 
hatched from the egg. From these experiments Theiler concluded that 
the virus is able to pass through the egg. Neither Lignieres (1919) nor 
Brumpt (1920) has been able to confirm Theiler ’s observations, though 
they have conducted many experiments. 

Helm (1924), working in Germany with a strain of the virus obtained 
by inoculating local cattle with the blood of animals imported from Texas^ 
states that larvae of Ixodes ricinus, hatched from eggs laid by ticks which 
had fed on infected cattle, were able to transmit the infection. There was 
an incubation period of two months. 

Anaplasmata have been described from animals other than cattle. 
Thus Schellhase (1912-1914) has recorded its presence in sheep, goats, and 
donkeys of Africa; Bevan (1912) in sheep in Rhodesia; Basile (1912) in 
dogs in Italy; Yakimoff and Schokhor (1917) in cattle, Yakimoff and 
Koselkien (1917) in horses, a.id Yakimoff (1917a) in dogs in Turkestan. 
It is difficult to decide in these cases whether the authors were actually 
dealing with anaplasmata or “Jolly bodies.'’ Apparently, the only test of 
the true anaplasma is the fact that large infections appear after inoculation 
of susceptible animals, and that immunity occurs after recovery. 

Though the experiments of Theiler and the later ones of Lignieres 
seem to establish the fact that the presence of the bodies in the blood is 
associated with a definite infection, they do not prove absolutely that the 
anaplasmata themselves are parasites. Veglia (1915) claims to have culti- 
vated A. marginale in South Africa. He states that multiplication occurs 
in the cultures by binary or multiple fission. Unfortunately, animals do 
not appear to have been inoculated from the cultures, so that, again, there 
is no proof that the forms seen in the cultures were not cocci. As “ Jolly 
bodies,” which are hardly recognizable from anaplasma, occur especially 
in anaemic conditions, it is just possible that some invisible virus produces 
a disease in cattle, one of the features of which is the production of large 
numbers of “ Jolly bodies.” The experiments of Lignieres with sheep and 
goats seem to be in favour of this view, for, though the virus was present 
in the blood, anaplasma did not appear. 

Grahamella Brumpt, 1911. 

Graham-Smith (1905) described what he considered to be a new form of parasite 
which occurred in the red cells of English moles (Fig. 439). The infected cells were 
occupied by minute rounded, oval, or rod-like bodies, each of which showed irregular 
staining, so that a blue cytoplasmic part could be distinguished from a red portion. 
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The rod-shaped or bacOlary form is the most characteristic, and this is either 
straight or slightly curved. Forms with a red granule at each end and a constriction 
at the middle s-ugi^ested a reproduction by binary hssion. The infected cells might 
eontaih^only one or, two of these bodies, or as many as fifty might be present in 
a single ceU. In some respects the rod forms resemble bacilli showing banded or 
bipolar^«t^^^ng. Those structures have been seen by many observers in small 
mamni^s, and there is considerable difference of opinion as to their real nature. 
Laverhn and Marullaz (1914a) came to the conclusion that they represented a change 
in the red cell analogous to basophilic degeneration which takes place in anaemic 
conditions (Fig. 439). It was thought that the granules which appear in the red 
cells in this condition, and which are generally small dots with an irregular or circular 
outline, may become rod-like and assume the appearance of the bodies under dis- 
cussion. It was possible to trace gradations froni the more irregular granules, 
which eveiyone admits to bo an indication of basophilic degeneration, to the more 
uniformly shaped rods of the Grahamella typo. Graham-Smith, who first described 
them, and Brumpt regard them as parasitic, and probably of a protozoal nature. 
Brumpt maintains that the elongate forms multiply by constriction and division at 
the middle. Brumpt (1911) founded the new genus Grahamella^ and gave to the 
form soon in the mole the name of Grahamella talpce. Those occurring in other 
animals have in some oases been given specific names by Brumpt. Even if the 
structures prove to be parasites, and at present there is little real evidence of this, 
it has still to bo demonstrated that they are Protozoa. Structurally, they resemble 
bacilli more than any other orga’dsms, and until more is known of their origin it 
is safer to regard them as a special type of basophilic granule. Lavier (1921a) 
draws attention to their marked resemblance to some of the structures described 
as Eickettsia, The following forms have been recorded : 

Reeorded Species of Grahamella. 

Mole {Talpa europcea) : G, talpw Brumpt, 1911 — Graham Smith (1905), England; 
Thomson, J. D. (1906), England; Brumpt (1911), France; Visentini (1913), 
Italy; Coles (1914), England; Laveran and Marullaz (1914), France. 

Jerboa (Jaculus jaculus and J, gordoni) : G. halfouri Brumpt, 1911— Balfour (1906), 
Sudan; Laveran and Marullaz (1914), North Africa. 

Vole: 

{Microtus incertus) ; Fran 9 a (1911), Portugal. 

(Miorotus agreatis) : Henry (1913), England. 

{Microtus arvalis) ; G, microti Lavier (1921), France. 

(Vole, sp.f): Yakimoft (1917), Transcaucasia. 

(Field vole, sp.?); Coles (1914), England. 

(Water vole, sp.f): Coles (1914), England. 

Dormouse (Myoxus nitela^Elyomys quercinus) : G, francai Brumpt, 1913 — Franca 
(1911), Portugal; Laveran and Marullaz (1914), France. 

Shrew; 

{Crossopus fodiens^^Neomys fodlens) : Henry (1913), Plngland. 

(Shrew, sp.f): Laveran and Marullaz (1914), France. 

(Crocidura stampflii): Leger, A. (1917), West Africa. 

Bat: 

{Raitus rattus) : Jojmux (1913), French Guinea ; Macfie (1917), West Africa 
{Rattus norvegicus) : Macfie (1914), West Africa; Carini (1915), Brazil. 

(Rattus maurus) : Leger, A. (1913), Upper Senegal. 

(Golunda fallax) : G. joyeuxi Brumpt, 1913; Joyeux (1913), French Guinea. 
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Bat — coniiimed : 

(Orioetomya gambianus) : Macfie (1916, 1917), West Africa. 

(Acodon serrenaia) : G, acodoni Carini (1924), Brazil, 

(Bat, sp.f): Balfour (1911), Sudan. 

(Brown rat, sp.l); Macfie (1914, 1916), West Africa# 

(Field rat, sp.f); Macfie (1917). 

(Young rats, sp.l): Coles (1914), England. 

Mouse: 

(Yellow mouse, sp.f): 0. mnaculi Benoit>Bazille, 1920, France. 

(Mua muaeulua) : Prowazek (1913), Cameroons. 

(Field mouse, sp.l): Coles (1914), England. 

Hamster (Cricetua phoca) : G. nince Icohl-yalcimovi Yakimoff, 1917, Transcaucasia; 

Dudstchenoko (1914), Transbaikal. 

Small rodent (sp.?): Dudstchencko (1914), Transbaikal. 

Ox: G, hovia Marzinowsky (1917), Russia. 

Bat (Deamodua rufua) : G, hrumpti Bibeyro and del Aquila, 1918, Peru. Lavier lias 
informed the writer that he and Larrousse have soon a similar form in Bhino- 
Uphua ferrum-eqiiinum of France. 

Monkey yMacacua rheaua) : G. rheai Leger, A., 1922, Annam. 



Fig. 440. - Bartonella hacilUformia is the Red Blood-Corpt scles of Cases of 
Oroya Fever ( x ca. 2,000). (After Strong, Tyzzer, Brues, Sellards, and 
( rASTrABURU, 1915.) 

Bartonella Strong, Tyzzer, Brues, Sellards, and Gastiaburu, 1916. 

In South America, in Peru, there have existed from remote times two diseases 
known as Oroya fever and Verruga peruviana. The former is characterized by 
fever associated with marked amemia, and the latter by a nodular eniption of the 
skin. For a long time the two diseases were considered as one, but that they are 
distinct seems to have been established by the American Commission (Strong, 
Tyzzer, Brues, Sellards, Gastiaburu) in 1913. Oroya fever is of interest in the 
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present oonneotion, for in association with the marked anssmia there appear in the 
red cells, and to a less extent in endothelial cells, curious dot and rod-like bodies to 
which the American Commission gave the name Bartonella bacilUformie (Fig. 440). 
These structures boar some resemblance to Qrahamella described above. They occur 
in various forms, the most characteristic of which are slender rods, either straight 
or slightly curved, and measuring from 1*5 to 2*5 microns in length by 0*2 to 0*5 
micron in thickness. Bounded bodies 0*5 to 1 micron in diameter also occur. In 
dried dims stained by Romanowsky stains they appear red, and the rods may 
show irregular staining and sometimes a slight thickening or knob at each end. An 
individual cell may contain only a single one, or many may be present, producing 
a kind of network of fibres through the stroma. In the living conditions, as 
observed in fresh blood, these rods were noted to change their position in the cell. 
It is supposed that there is a cycle of development similar to that of Theileria 
panya, and that a multiplication within the endothelial cells leads to the appearance 
of certain forms which invade the red cells. Attempts to transmit the blood forms 
to lower animals did not succeed. It seems that evidence of the parasitic nature 
of the structures in the red cells is far from conclusive. 

Mayer (1925) gare the name Bartonella murie to similar structures which 
appeared in the red blood-corpuscles of mice treated with Bayer 206 for trypanosome 
infections. Mayer, Borchardt and Kirkuth (1926) have shown that the same bodies 
appear in an ansemic condition following splenectomy in rats. They believe that 
the operation had stimulated a latent infection. 

Rickettsia Bociia-Lima, 1916. 

In typhus and Bocky Mountain fever there occur within proliferated endothelial 
cells of the blood-vessels minute spherical or rod-shaped structures wdiich have 
been regarded by some observers as organisms of a protozoal nature. Ricketts 
and Wilder (1910) described small Gram-negative bipolar staining bacilli in the 
blood of typhus cases. Similar bodies were seen by llegler and Prowazek (1913) 
within leucocytes. Wolbach, Todd and Palfrey (1922) wore unable to confirm 
these observations on the blood. Bocha-Lima (1916) discovered that lice which 
had fed on typhus patients, and which had been proved by Nicollo. ('omto and 
(^onseil (1909) to be the vectors of the disease, harboured in large numbers the 
structures to which ho (1916rf) gave the name Rickettsia prowazeki (Fig. 441, 1 - 5 ). 
Using lice which could not have been naturally infected, Wolbach, Todd and Palfrey 
(1922) found that the organism occurred only in those lice which were allowed to 
feed on typhus cases. What are supposed to be the same organisms were found by 
these observers and others in the intravascular endothelial nodules described by 
Fraenkel (1914) as pathognomonic of typhus fever. Bodies of a similar nature were 
seen by Topfer (1916) in lice fed on cases of trench fever. To those he gave the 
name of R, quintana, Munk and Bocha-Lima (1917) again saw the organism 
in lice fed on trench fever cases, and also in apparently healthy lice. To those 
occurring in the latter the name R. pediculi was given (Fig. 441, 6 ). Another 
form was described by Topfer (1917) in lice fed on cases of “trench nephritis.’' 
R. prowazeki is found in lice almost entirely in the gut cells, while the other forms 
are a little larger and occur in the lumen of the intestine. 

Similar structures have been demonstrated in the case of spotted fever of the 
Bocky Mountains, the virus of which occurs in various rodents, and is conveyed to 
man by the tick Dermacentor venustus. King (1906) and Ricketts (1906) were the 
first to demonstrate transmission by this tick, while Parker (1923) has incriminated 
the tick Hcdmaphysalis leporis as a vector amongst rabbits in nature. Wilson and 




Fig. 441. — EickeiUia in Intestine and Tissues of Lice. (After Wolbach, 

Todd, and Palfrey 1922.) 

1. l^cillary fortiiB of Rickettsia prowazeki in smc^r of intestinal contents (x 1,.350). 

2. Granular, paired, thread-like forms of R. prowazeki from squashed intestinal cell { x 9(K>). 

3. Section of swollen intestinal cell containing granular mass of R. prowazeki at one end and chains 

of the same organism at the other ( x 900). 

4. Coceoid, diplococcoid, and rod forms of R, prowazeki in section of intestinal cell ( x 9(X)). 
r>. Section of swollen intestinal cell containing bacillary forms of R. proumeki ( x 1,350). 

0. Section of intestinal wall showing masses of R. pediculi on the surface of, but not within the 
intestinal cells ( x 900). 
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Chowning (1904) described as being the cause of the disease Piroplasma hominis, 
an organism which they said occurred in the blood of human cases and was 
similar to that causing Texas fever of cattle. Further investigations by Stiles (1905) 
and others showed that no such organism exists. Wolbach (1919), to whose 
reference can be made for a complete account of the disease, demonstrated changes 
in the endothelial cells of the vessels similar to those found in typhus fever, and the 
presence in these cells of bodies like Bickettsia. The same structures were also 
found in the ticks. They differ in some respects from E. prowazeki of typhus fever, 
and the name Dermmentroxenus rickettsi is proposed for them. 

Bickettsia-like bodies have not only been discovered in non-infective lice, but 
have also been seen in bed bugs (Cimex Uetularius) by Arkwright, Atkin and Bacot 
(1921), who named them E, lectularia (Fig. 442, B). Another form was seen 
by them in Cimex hirundinis, while one was met with in the sheep ked {Melophagus 
ovinus) by Noller (1917), who gave it the name E. melophagi (Fig. 442, A). 
A supposed form in the cat flea was called E. ctenocephali by Sikora (1918). 
Hindle (1921) again saw riokettsias in lice which had fed upon healthy persons only. 
This form he named E. pediculL It is probably identical with the R. pediculi of 
Munk and Kocha-Lima (1917), and the E. roaha-Umas of Weigl (1921). Another 
form in the melophage (Trichodectes pilosus) of the horse Hindle named E. tricho- 
dectw, and one in the goat louse {Linognathus stenopsis) he called E. linognathi, 
Cowdry (1923) has described a number of forms from ticks and insects. Knowles, 
Napier and Smith (1924) observed Rickettsia-like bodies in the sand fly {Phlebo- 
tomus minutus) in India. According to Hertig and Wolbach (1924), who liave 
reviewed all published records, over forty Rickettsia-like organisms have been 
reported. 

These various structures which have been described are extremely minute, the 
rod-like forms being hardly 1 micron in length, so that accurate observations on 
their structure are exceedingly difficult to make. In many oases, observers have 
been unable to distinguish between the true riokettsias and cell granules, so that 
assertions as to the nature of the organisms are of little value. It is probable that 
some, at any rate, of the structures represent parasites, but whether these are 
bacteria or not cannot be definitely assorted. There is certainly no evidence in 
favour of their being Protozoa. Noller (1917) claims to have cultivated the form 
which occurs in Melophagus ovinus, and Noller and Kucliling (1923) one from the 
blood of sheep. Hertig and Wolbach (1924) also report tho successful culture of 
E, melophagi, 

Cowdry (1925), in South Africa, has shown that a disease of cattle, sheep, and 
goats, which is known as heartwater from the fact that tho most characteristic 
lesion is hydropericardium, is due to the presence of a Eicketisia {E, ruminant ium) 
in the endothelial cells of the small bloodvessels, particularly those of the 
renal glomeruli and cerebral cortex. Furthermore, the disease is transmitted 
by ticks (Amhlyomma hehrceum), and their infectivity is associated with the 
presence in the intestines of parasites which are morphologically identical with 
those in the vertebrates. Experimenting with ticks hatched from eggs, it was found 
that only those which had been allowed to feed on infected animals harboured the 
parasite and were capable of transmitting the infection. 

Though many different species of Eicketisia have been named, authors are by 
no means agreed as to their nature. Woodcock (1923) believes that they represent 
merely granules which result from disintegration or lysis of red blood-corpuscles 
or other cells. It seems not impossible that in some oases granules described as 
Eicketisia may have originated in this way, and that in others actual organisms are 
involved. The recent work of Reichenow (1922) on intracellular symbionts in 
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blood'Suoking mites and leeches may throw light on the whole question. Cowdry 
(1923) defined Bickettsia as including Gram-negative, intracellular, bacterium-like 
organisms. 



Fk;. 442. -Rickettsia in the Sheep Ked and Bed Bro ( x 1,500). (x\fter Hertig 

AND Wdlbach, 1924.) 

A. Scotion of of sheep ked showing attached flagcllatc's {Trypanosoma mdophagium) 

and coccoid forms of Rickettsia ttielophagi. 

B Ckdl of Mal{>ighian tube of Cimex lecttilarius filled with filamentous, coccoid, and ^rod forms 
of Rickettsia hctularia. 


Paraplasma Seidelin, 1912. 

Seidelin (1912) described certain minute bodies which he had found in very 
scanty numbers in the red blood-corpuscles of yellow fever cases. These were 
supposed to consist of cytoplasm and chromatin, and to be related to the piro- 
plasmata. lie concluded that he had discovered the causative agent of yellow fever, 
and gave to the organism the name of Paraplmma flavigenum, lie claimed to have 
transmitted it to guinea-pigs, and to have discovered naturally infected guinea-pigs 
in West Africa, which were supposed, therefore, to be reservoirs of the disease. 
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During the following years much discussion on the nature of these bodies took place» 
some regarding them as parasites, others as nuclear remnants or even artifacts. 
The writer and Low (1914) finally refuted the parasitic view, showing that exactly 
similar bodies occurred in normal guinea-pigs in England, and especially in young 
animals. It was also shown that they occurred in human beings in ansBmic condi- 
tions. It seems that some of the bodies described as P. flavigenum represent struc- 
tural irregularities in the red cells dependent on the presence of nuclei at the early 
stages of their development, while others are undoubtedly artifacts. 

Microsoma Lebedeff and Tsciiarnotzky, 1911. 

Certain structures in the red blood-corpuscles which were devoid of pigment 
were described by Lebedeff and Tscharnotzky (1911) from the Russian polecat, 
Putorius putoriuSf under the name of Microsoma mustelas. Amoeboid forms were 
seen, as also large globular parasites which nearly or completely filled the red blood- 
corpuscles. The parasites wore peculiar in having very small nuclei. No details 
of the development were elucidated, and there is very little evidence that the bodies 
wore organisms. 

Cingula Awerinzew, 1914. 

Under the name of Cingula hoodontis Awerinzew (1914) described a minute 
organism, if indeed it is a parasite at all, from the red cells of the snake, Boodon 
lineatus. It occurred as a small granule surrounded by a clear area. In later 
stages a vacuole appeared in it and converted it into a ring, on one side of which 
a nucleus could bo seen. Division into two is then said to take place. What. may 
possibly be the same structures wore described by Johnston (1917) from the blood 
of two snakes (Echis oarinatus and Causus rhomheatus) of West Africa. H o described 
two types of body, one which was homogeneous and took a blue colour after (riemsa 
or Leishman stain, while the other was granular and stained red. The writer has 
seen similar structures in the blood of snakes, but can produce no evidence as to 
their parasitic nature. 


Immanoplasma Neumann, 1909. 

Neumann (1909) described a parasite of the red colls of the dog-fish, IScyllium 
canwula. It was devoid of pigment, and occurred as masses of cytoplasm varying 
in size up to 30 by 20 microns. Two types were recognized : male forms with faintly 
staining cytoplasm and a large nucleus, and female forms with deeply staining 
cytoplasm and small nucleus. In life the organism is feebly ammboid. The red 
cell is considerably distorted by the parasite. Nothing is known of its life-history. 

Globidiellum Brumpt, 1913. 

Neumann (1909) intended to found a new genus, Olohidium^ for a parasite which 
he discovered in the mononuclear leucocytes or endothelial cells of the haddock 
(Gadus wglefinus). As this name had been given to a totally distinct parasite 
^ee p. 769), Brumpt (1913c) proposed the name Globidiellum (Fig. 443, 7-10). 
The parasite will be considered below (p. 1107) as possibly representing a stage in 
the life-cycle of a hsemogregarine. ® 


Haematractidium Henry, 1910. 

Heniy (1910) described a par^te. which did not produce pigment, in the red 
cells of the common ““kerel (Scomber scomber). A detailed description of the 
organism was given u» 1913 (Fig. 443. i-6). The youngest stage figured is a minute 
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cytoplasmic body containing two chromatin granules. As increase in size takes 
place the parasite elongates, and finally occupies the cell on one side of the nucleus. 
The largest forms are slightly longer than the nuclei of the host cell, and have one 
end rounded and the other tapering. The nucleus of the parasite always remains 
small. The organism is supposed to have a remarkable destructive action on the 
red cell, which quickly degenerates and eventually liberates the parasites. The 
figures illustrating the breaking-down of the cell rather suggest a mechanical damage 
in film-making than a process brought about by the parasite. 



Fio. 443. — Questionable Struotukes seen in Blood-C'orpuscles of Marine 
Fish (xca. 1,500). (After Henry, 1913.) 

l-(). Hivimtractidium scombri from the common mackerel {Scomber scomber). 

7-10. (wlobidteilum multi fiditm of Neumann, thought by Henry to represent the schizogony of 
/{(emogregarinn (eglefim of the haddock {Oadtis (rglefinus). 

11-12. Structim‘s in the blood-corpuscles of the sole {Solea t'ulgans), which arc supposed to be 
derived from granules extruded by haemogregarines. They i%ere previously seen by 
Henry in other fish and named Ilasmohormidium cotti. 

Haemohormidium Henry, 1910. 

This parasite was described by Henry (1910 and 1913b) as occurring in the rod 
cells of two marine fish, CoUns bubalis and Coitus scorpius. It is an irregularly 
round or oval body, and varies in length from 2 to 4*5 microns (Fig. 443, 11 - 12 ). 
The chromatin is arranged along the margin, about two-thirds of wdiich it occupies. 
As many as three of the organisms were found in a single cell. They bear some 
resemblance to ring forms of malarial parasites. Henry came to the remarkable 
conclusion that they represented the intracorpuscular stages of “ infective granules ” 
extruded by hsemogregarines. 

Possible Pigment-Free Parasites of the Red Blood-Corpuscles of Birds. 

In oonneotion with the spiroohsetal disease of fowls in various parts of the world 
peculiar bodies are sometimes seen in large numbers within the red blood-corpuscles. 
It has been suggested that they represent an intracellular granular phase of the 
spiroohaste. On the other hand, it may be that a distinct organism is represented, 
though the possible origin of the bodies from extruded portions of the cell nuclei 
has not been excluded. They are referred to more fully below (p, 1262). 
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B. Order: ADELEIDA. 

1. Sub-Order: Adeleidea Leger, 1911. 

This sub-order, which has been defined above (p. 794), can be sub- 
divided into a number of families and sub-families as follows: 

1. Family: dobelliid^. — The oocyst contains a number of sporo- 
zoites without sporocysts. There are two lines of schizogony, one 
terminating in the production of microgametocytes and the other 
macrogametocytes. Association of these occurs as in other members 
of the sub-order, but the microgametocyte produces a large number of 
microgametes instead of the usual small number. The zygote becomes 
encysted in the oocyst, and sporozoites are produced. This form holds 
an intermediate position between the sub-orders Eimeriidea and Adeleidea 
in that it conforms with the former in the production of numerous micro- 
gametes and with the latter in the close association of the two gametocytes 
prior to fertilization. 

2. Family: LEGERELLID^ L6ger, 1911. — The oocyst contains a number 
of sporozoites, but no sporocysts. The schizogony cycle is described as 
running on two lines, one producing a type of merozoite which will ulti- 
mately become microgametes, and the other a second type of merozoite 
leading to formation of macrogametes. 

3. Family: ADELEiDiE Mesnil, 1903. — The oocyst contains sporocysts, 
which include sporozoites. There are three sub-families. 

(1) Sub-Family: adelein^e. — The oocyst is spherical and contains a 
variable number of sporocysts, each containing two sporozoites. The 
sporocysts are disc-like, and resemble two apposed watch-glasses. 

(2) Sub-Family : klossiinje. — The spherical oocyst contains many spheri- 
cal sporocysts, each of which includes four sporozoites, 

3, Sub-Family : chagasellinje. — The oocyst contains only three sporo- 
cysts, which contain four, six, or more sporozoites. 

4. Family: KLOSSIELLID.®. — The spherical oocyst produces a number 
of spherical sporocysts, each of which contains numerous sporozoites. 
Schizogony takes place in the usual manner with production of merozoites. 
Finally, certain merozoites take up another situation in the host, and 
undergo, after growth, another type of schizogony, producing merozoites 
which grow into gametocytes. The male gametocyte produces only two 
microgametes. 

These families may now be considered in greater detail. 
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SYSTEMATIC DESCRIPTION OF THE FAMILIES OF THE SUB- 
ORDER ADELEIDEA. 

L Family: DOBELLIIDJE. 

This family includes the single genus Dobellia founded by Ikeda 
(1914) for the only known species, Dobellia binucleata, a gut parasite of the 
sipunculoid worm, Petalostoma minutum. Many of the stages are described 
as containing two nuclei. In the behaviour of its gametocytes it differs 
from other members of the sub-order Adeleidea in that the microgameto- 
cyte, though it enters into syzygy with the macrogametocyte, produces 
a large number of microgametes. In this respect it may be regarded as 
a connecting link between the two sub-orders of the Coccidiomorpha. 
The infection commences by sporozoites liberated in the gut from the 
oocyst. Some of the sporozoites enter the cells and penetrate their 
nuclei, where they commence growing. When partially grown, they leave 
the nuclei and continue their development in the cytoplasm. When 
fully grown, they break up into a number of large merozoites, which enter 
other cells and repeat the process of schizogony. Other sporozoites do 
not enter the cells, but attach themselves to their surfaces and develop 
into smaller schizonts, which produce small merozoites. Eventually, 
large merozoites within the cytoplasm develop into macrogametocytes. 
Meanwhile, some of the small merozoites produced on the surface of the 
cells enter the cytoplasm and develop into microgametocytes in close 
association with the macrogametocytes. Each microgametocyte produces 
a large number of microgametes, one of which fertilizes a macrogamete. 
An oocyst is formed measuring from 20 to 25 microns in diameter, and 
within it are produced, without sporocysts, about 100 sporozoites. The 
sporozoites resemble those found in the cytoplasm of the gut cells, 
and presumably develop into the large schizonts. Ikeda has noted 
that another type of oocyst may be present, and that it differs from 
the others in being only half the size and in producing a smaller number 
of sporozoites. It is suggevsted that the sporozoites from the smaller 
oocysts become the small schizonts Avhich develop on the surface of the 
gut epithelium. If this be so, then sexual dimorphism not only differen- 
tiates the schizogony cycle, but extends to the oocysts and sporozoites. 
It is difficult to accept these claims till further confirmation has been 
obtained. The name D, binucleata was given to the parasite on account 
of a second body, considered to be of nuclear nature, which was associated 
with the nucleus in many stages of the development. Dobell (1925), in 
whose laboratory Ikeda made his observations, admits that Ikeda may 
have misinterpreted certain stages, but is convinced that the parasite 
is binucleate, one of the nuclei being somatic and the other germinal. 



1068 


FAMILY: LlGERELLIDiE 


2. Family: LEGERELLiDiE L6ger, 1911. 

This family includes the single genus Legerella, which was founded 
by Mesnil (1910), for a parasite which Aim6 Schneider (1881) described 
as Eimeria nova from the Malpighian tubes of the myriapod Olomeris sp. 
This form was studied by Leger, L. (19006), while Cu6not (1902) described 



Fig. 444. — Legerella parva from the Malpigiiiak Tubes of the Dog Flea { x 1,030). 

(After Noller, 1914.) 

1-4. Schizogony cycle. 

5. Associated macrogametocyte and raicrogametocytc which is producing four microganietes. 
C-7. Fertilization. 8. Oocyst 

9. Oocyst with two attached microgametocytes, one with four and tJie ()ther with thiee 
microgametes. One microgamete has presumably fertilized the macroganiete 
10. Oocyst with multinucleated sporont. 

U. Mature oocyst with sporozoites and residual body. 12-13. Sporozoites. 


as L, testicula another which occurred in the testes of Glofneris. Noller 
(1913) gave the name L. parva to a parasite of the Malpighian tubes of 
chicken and pigeon fleas (Ceratophyllus gallincB and C, columbee), 25 to 
40 per cent, of which were infected. A more detailed account was 
published by him later (1914). The development of the parasite, which 
occurs only in the adult fleas, takes place in the cells of the Malpighian 
tubes (Fig. 444). The merozoites measure from 6 to 8 microns in length 
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by 2 to 4 microns in breadth, and these increase in size till they have 
a diameter of 10 to 15 microns. Nuclear multiplication takes place by 
repeated divisions till eight to twenty are present. The schizont then 
breaks up into a corresponding number of merozoites. Eventually 
certain merozoites become gametocytes. The microgametocyte is not 
much larger than the merozoite, but it is closely applied to the large 
macrogametocyte, which has a diameter of 16 to 20 microns. The micro- 
gametocyte produces four microgametes, one of which fertilizes the 
macrogamete. An oocyst is formed, and within it the zygote breaks 
up into sporozoites, of which as many as sixty may be present. The 
sporozoite is a long, narrow structure measuring 20 by 2 to 3 microns. 
It is probable that the oocysts escape into the gut after passing down 
the Malpighian tubes, and are voided in the faeces of the flea. They are 
then probably taken up by flea larvae, the infection passing through the 
pupal stage to the adult flea. Though Noller could not find an infection 
in the larva, fleas taken from the pupal cases were found infected, so 
that the infection must have been present in the larval stage. 

Splendore (1920) recorded another species (L. grassii) from the Mal- 
pighian tubes of Ceratophylhis fasciatus. 


3. Family: ADELEID.« Mesnil, 1903. 

This family comprises the three sub-families Adeleince, Klossiincey and 
ChagaseUincp, which differ from one another in the number of sporozoites 
within the sporocyst. 


(1) Suh-Family : ADELEiNiE. 

This sub-family includes the two genera Adelea and Adelina, which are 
characterized by the large oocysts containing a variable number of sporo- 
cysts, each with two sporozoites. 

; Adelea Aime Schneider, 1875. 

This genus was founded by Schneider (1875) for the coccidium Adelea 
ovata, which has been described above as a type of the sub-order Adeleidea 
(Fig. 338), Another form which closely resembles it is A, mesnili Perez, 
1903, which is parasitic in the coelom of the lepidopteran Tineola biseliella. 
The parasite described as .4. hartmanni by Chagas (1910) was placed 
by Machado (1911a) in the genus Chagasella, considered below. The 
coccidium named a4. pachylabrce by de Mello (1921), which occurs in the 
Indian mollusc, Pachylabra mmta, has an oocyst with two sporocysts, 
each with two sporozoites. It is doubtful if it belongs to this genus. 
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Oenus : Kd^livia. Hesse, 1911. 

This genus was founded by Hesse (1911) for a coccidium of the oli- 
gochaete worm, Slavinia appendiculata. It was named A. octospora 
and placed in a new genus because the sporocysts differed from those 
of members of the genus Adelea in that they were present in the oocyst 
in small numbers, and were spherical instead of discoidal. He placed 
in this new genus several species which had hitherto been considered as 
belonging to the genus Adelea (A. zonula, A, transita, A, akidum, 
and A, diynidiata). Another form which must be included is the one 
described by Leger and Duboscq (1902) as A. dimidiata var. coccidioides, 

Adelina dimidiata (Aim4 Schneider, 1885). — This coccidium was first 
seen by Aime Schneider (1885) in Scolopendra morsitans, and named by him 
Klossia dimidiata. It was rediscovered by Balbiani (1889), and studied 
by Leger (1897, 1898), who found it in Scolopendra cingulata and S, sub- 
spinipes, Leger and Duboscq (1902) found a closely allied form {A, dimi- 
diata coccidioides) in S. oraniensis lusitanica. Finally, SchelJack (1913) 
gave a detailed account of the development of A, dimidiata in S, cingu- 
lata. Its life-history resemble^ that of A. ovata. The merozoites vary 
in length from 3 to 21 microns and in breadth from 1*8 to 2*5 microns, 
while the number produced at any schizogony varies from four to thirty 
(Fig. 445, A-C). Leger and Duboscq (1902) stated that there were two 
distinct types of schizogony, the merozoites from one of which became 
either schizonts again or microgametocytes, while those from the other 
became macrogametocytes. No such dimorphism could be detected by 
Schellack. The macrogametocyte can first be recognized by its size and 
the lack of nuclear multiplication characteristic of the schizont. As it 
increases in size, one end of the elongated macrogametocyte becomes 
differentiated as a finger-like process, which becomes longer at later stages 
of development (Fig. 445, D). The nucleus retains its karyosome through- 
out. The young microgametocyte cannot be distinguished from a young 
schizont except for the fact that it very soon becomes associated with 
a growing macrogametocyte, as in A. ovata. It also becomes drawn out 
into a finger-like process. The presence of these finger-like processes 
on the gametocytes is one of the characteristic features of the parasite. 
Eventually they are withdrawn, and a fine membrane is formed around 
the two gametocytes (Fig. 445, E). At this stage the paired gametocytes 
within the enclosing membrane fall out of the epithelial cell into the lumen 
of the intestine. By repeated division of the nucleus of the micro- 
gametocyte four nuclei are formed. These come to the surface and 
give rise to four microgametes. The microgametes then become free 
within the enclosing common membrane, and pass to the opposite pole 
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of the macrogamete, where its nucleus has moved. Penetration is effected 
by one of the microgametes, the nucleus of which fuses with that of the 
macrogamete. Nothing which could be interpreted as a process of matura- 
tion of the macrogametocyte nucleus which retains the karyosome could 
be detected. After fertilization, an oocyst 0-5 to 1 micron in thickness 



FiCf. 445. Adelina dimidiaia ( x 1 , 700 ). (After Schellack, 1913 .) 


A-C Thiw Hc'hizonts slunnnp variations in the size and tbe number of merozoites. 

1). Assoeiated macn)- and micro -game tocytcs with digital processes. 

E. The digitivl pi’ocesses have been \nthdrawn. The mierogametocj^e has four micrt>- 

gamete nuclei, while the nucleus of the macrogametocyte has occupied a tenninal 
]M>sition in pw'paration for fertilization. 

F. 8iK)roeyst with the two simrozoites. 

is secreted round the zygote, and it appears that within it are included 
the remains of the microgaraetocyte and the three unused microgametes. 
At the pole opposite to that at which the remains of the microgametocyte 
lie can often be detected a small circular suture, which is probably a 
micropyle. Within the oocyst there are formed a number of sporoblasts 
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by a budding process which leaves a large residual body. The spor oblasts 
secrete spherical sporocysts, within each of which are developed two 
sporozoites without formation of a residual body. Within the sporocyst 
the two sporozoites are twisted round one another in a characteristic 
manner (Fig. 445, F). By the time the sporocysts have developed the 
residual body within the oocyst has disintegrated. The size of the oocysts 
depends on the number of sporocysts, which varies from three to seventeen. 
The sporocysts have a diameter of 15 microns. The period required for 
complete development of the oocyst is about seven days. 



Fig. 446. — Klossia helicina from the Kidney of the Snail, Helix horteneis, 

(After Balbiani, 1884.) 

A. Section of the kidney showing C, healthy epithelium with included concretions; K. oocysts 

with contained zygotes in hyjiertrophied cells; and (), oocyst with numerous immature 
sporocysts ( x ca, 120) . 

B. Oocyst wdth immature sporocysts more highly magnified {x cn. 240). 

C. Oocyst with mature sporocysts, each with four sporozoites and a residual body ( x ca, 240) . 

B. Free sporozoites. 

Schellack does not believe that the form A, dimidiata coccidioides 
described by Leger and Duboscq (1902) can be regarded as distinct from 
A, dimidiata. Other species described are A. akidum Leger, 1900, from 
Olocrates ahbreviatus ; A. transita L6ger, 1904, from Embia soleri ; A. zonula 
Moroff, 1906, from Blaps mortisaga ; and A. sp. Chatton, 1912, from Scincus 
officinalis. 

(2) Sub-Family: klo8SIIN2E. 

This sub-family includes forms which have oocysts containing a large 
number of sporocysts, each of which has four sporozoites. There are two 
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genera, Klossia and Orcheobius, The genus Klossia was founded by 
Aim6 Schneider (1875a) for a parasite which Kloss (1855) had discovered 
in the kidney of the land snail. The genus Orcheobius, which differs from 
Klossia in that the gametocytes are elongate instead of being spherical, 
was established by Schuberg and Kunze (1906) for a parasite of the testis 
of the leech, Herpobdella atomaria. 



C D 


Fig. ^41,- Orcheobius herpobdellw Parasitic in the Testis of the Leech, 
llerjwbdella atomaria, (After Kunze, 1907.) 

A. Sfhizogony within a oytuphore of the testis (x 8(K)). 

B. Assoeiated inacm- and micro -jjametocyte { x 400) 

V Fonnation of sjM)roblasts uithin the oocyst ( x 8(K)). 

O. Oocyst containing developing Hpon»cysts (x400). 

E. Fully-develo|>ed sjjorocyst with four s|K)rt)zoites and rt'sidual body ( x800). 

Klossia helicina Ai. Schneider, 1875. — This coccidium, which is a com- 
mon parasite of various land snails, was first seen by Kloss (1855), who gave 
an excellent description of the parasite. It was the first occasion on which 
anything like a complete account of the life-history of a coccidium had 
been published. It was studied by Schneider (1875a) and Balbiani (1884) 
in Helix hortensis, and by L. Pfeiffer (1890) in this snail, as well as Succinea 
pfeifferi, H, nemoralis, and H, arbustorum. Laveran (1898) found it 
n. 69 
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in H, hortensis^ and gave an account of the main features of its life- 
history, but it was Debaisieux (1911) who first pointed out that there 
occurred an association of the micro- and macro-gametocytes, and that 
the former gave rise to four microgametes, as in Adelea ovata, Moroff 
(1911) gave a similar account for a parasite of Vitria elliptica. He named 
it Klossia vitrina, but it is not clear that it is distinct from K, helicina^ 
which has also been recorded from Helix hispida, H , practicum, H, umbrosa, 
and Succinea gigantea. 

The life-cycle of K, helicina is very similar to that of A, ovata. It 
develops in the epithelial cells of the kidney (Fig. 446). The oocysts, 
which are usually spherical, vary in diameter from 40 to 180 microns. 
The number of sporocysts, which are spherical, vary in number according 
to the size of the oocyst. In the largest cysts there may be as many 
as 160. Each sporocyst contains four sporozoites and a residual body. 
Exceptionally there may be a larger number of sporozoites present. 

Orcheobius herpobdellae Schuberg and Kunze, 1906. — This form, which 
is the only representative of the genus, was discovered by Schuberg 
and Kunze (1906) in the testis of the leech, Herpobdella atomaria 
{Nephelis vulgaris). Its most characteristic feature is the peculiar shai)e 
of the associated micro- and macro-gametocytes, which are much elon- 
gated (Fig. 447). The former measure about 50 by 12 microns, and the 
latter 180 by 30 microns. The microgametocyte gives rise to four micro- 
gametes. The spherical oocyst contains twenty-five to thirty spherical 
sporocysts, each of which has typically four sporozoites. During schiz- 
ogony from twelve to twenty merozoites are produced. 

( 3 ) Suh-Family: chagasellin^e. 

This sub-family contains the single genus Chagasella Machado, 1911. 
It was established for a parasite which Chagas (1910) had described under 
the name Adelea harimanni from the intestine of the Brazilian bug, 
Dysdercus mjicollis, Machado (1911a) placed it in a new genus, Chaga- 
sella, as the name Chagasia proposed by L4ger (1911) was preoccupied. 
Machado (1913) described another species, Chagasella alydi, from another 
bug, Alydus sp. 

Chagasella hartmanni (Chagas, 1910). — This is an intestinal parasite of 
the bug, Dysdercus ruficollis. It develops in the epithelial cells, and, accord- 
ing to Chagas, reproduces there by two types of schizogony, one of which 
gives rise to about ten to twenty large merozoites (macroschizogony), and 
the other ;to about the same number of small merozoites (raicroschizogony) 
(Fig. 448, A and B). The male and female gametocytes develop in 
association .with one another, and, as sometimes occurs in the case of 
Adelea o^ta, several rxoicrogametocytes may be associated with one 
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macrogametocyte. Each microgametocyte gives rise to four micro- 
gametes (Fig. 448, C). The oocyst gives rise to only three sporoblasts, 
which become three sporocysts, in each of which four sporozoites are 
developed (Fig. 448, D and E). The second species, Chagasella alydi 
Machado, 1913, is parasitic not only in the intestine, but also in the 
generative organs of its host. It resembles C. hartmanni in the main 






D E 

Fi(i. 448 . ( "hagasella hartmanni Parasitic in the Intestine of the Bug, Dgsdercus 

rufii'oUis ( X ca. 1,0(M)). (After (^hagas, 1010.) 

A-B. Mvrozoitfs n'sultinp fi’om schizogony, the .so-called macro- and micro-Fchizogony. 

C\ Mivcrogameiocyte with assix’iatcKl micnigametooyte with four microgamete nuclei. 

1). Oiicy.st with three sporoblasts. E. Sp<)n)cyst with fi»ur sporozoites. 

features of its life-history, but diflEers in that six and sometimes more 
sporozoites are produced within the oocyst. 

It seems very doubtful if the two types of schizogony are as sharply 
marked off from one another as Chagas and Machado maintain, for in 
forms like Adelea ovata and Adelina dimidiata, described above, the 
number and size of the merozoites is subject to considerable variations. 
It seems also possible that the two species described are really a single 
species, with sporocysts containing a variable number of sporozoites. 
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4. Family: KLOSSIELLID^. 

This family includes the single genus Klossiella, which was established 
by Smith and Johnson (1902) for a coccidium which they named K, muris, 
and which is a common parasite of the kidney of mice. It had previously 
been seen by Smith (1889), while Pfeiffer, L. (1890), gave a short descrip- 
tion and figure of the parasite. It was studied by Woodcock (1904a), 
Brugnatelli (1908), Sangiorgi (1911), and Stevenson (1916). Pianese 
(1901) discovered a similar form in the guinea-pig. It was rediscovered 
by Seidelin (1914), who named it K, cobayce, Pearce (1916) gave a 
description of this parasite, while Sangiorgi (1916), who also studied it, 
proposed to name it Klossia cavice. It evidently does not belong to the 
genus Klossia, 

There has been considerable confusion over the various forms met 
with, but A. C. Stevenson has studied both K, muris and K, cobayce, 
and the following description of the latter is based on still unpublished 
notes which he has kindly permitted the writer to use. 

Klossiella cobayae Seidelin, 1914. — This is a parasite of the kidney 
tubules and endothelial cells of the blood-vessels of the guinea-pig (Fig. 449). 
Most of its developmental stages can be seen in sections of the kidney, but 
schizogony forms, which occur in the endothelial cells of the capillaries 
of the glomeruli, can also be observed in similar situations in other organs. 
The sporozoites escaping into the lumen of the gut from the ingested 
sporocysts may be presumed to make their way to the vascular endo- 
thelium. Within the cytoplasm of the cell a small rounded body is 
produced, and this develops into a schizont having a diameter of about 
2*5 microns. The single nucleus multiplies by repeated divisions till 
eight are present, after which eight merozoites are produced. They lie in a 
vacuole in the now enlarged endothelial cell, which bulges into the lumen 
of the vessel. By its rupture the merozoites, which are minute bodies 
measuring 2 by 1 microns, escape into the blood and invade other endo- 
thelial cells (Fig. 449, i). Eventually, some of the merozoites enter the 
lumen of the tubules of the kidney and make their way to the convoluted 
portion, the cells of which they penetrate. Here they again grow into 

1. Schizogony cycle in endothelial cells of blood-vessels of kidneys and other organs. 

2. Passage of inerozoite to the cell of the convoluted tubules of kidney. 

3-5. Schizogony in convoluted tubules giving rise to a large number of young gametocytes, which 
pass down the tubules to the straight tubules or loops of Henle, where they enter the cells 
and associate in pairs. 

6-7. Growth of female gametocyte and formation of two miorogametes by smaller male game- 
tocyte. 

8. Zygote with remains of microgametocyte attached and one residual microgamete. 

9. Growth of zygote (sporont) during nuclear multiplication. 

10. Formation of sporoblasts by budding process. 

11. Numerous sporocysts with sporozoites. The sporocysts escape in the urine and aie pre- 

sumably ingest^ by guinea-pigs. 
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schizonts and produce about one hundred daughter individuals, which 
are the young gametocytes (Fig. 449, 2 - 5 ). The infected cell is much 
enlarged, and almost fills the lumen of the tubule. The young gameto- 
cytes, after rupture of the host cell, travel down the duct till they reach 
the straight tubules or loops of Henle, the cells of which they infect. 
Here they are found typically in pairs, and as growth proceeds it is noted 
that one individual of each pair grows more than the other (Fig. 449, 6 ). 
The smaller one is the microgametocyte, and it becomes associated in 
the same vacuole with the larger macrogametocyte. The single nucleus 
of the microgametocyte divides once, and the two nuclei thus formed 
become the nuclei of the two microgametes, which are elongate structures 
with a central nucleus (Fig. 449, 7 ). Fertilization of the macrogamete 
takes place, and ’a typical fertilization spindle is formed (Fig. 449, 8 ). 
It occasionally happens that two or three microgametocytes become 
associated with the macrogamete, but only one of the microgametes 
produced is employed in fertilization. The zygote increases in size, 
causing its host cell to swell considerably till the lumen of the tubule is 
completely filled (Fig. 449, 9 ). The growth takes place in the vacuole, 
and it is doubtful if a true oocyst is formed. As growth proceeds, the 
nucleus multiplies till thirty or more are present. The sporont then has 
a diameter of about 30 to 40 microns. By a process of budding from the 
surface there are produced a number of sporoblasts, each of which 
becomes slightly elongated and encloses itself in a sporoeyst. Within 
the sporoeyst the sporoblast produces about thirty sporozoites (Fig. 449, 
lo-ii). When fully formed, the sporocysts pass down the tubules and 
escape in the urine, and are ready to produce infection in another host. 

Klossiella muris Smith and Johnson, 1902. — This is a common parasite 
of white mice, and is not infrequently encountered in sections of the 
kidney, where it has a cycle similar to that of K. cohay ce. The whole of the 
schizogony cycle, including the final one into young gametocytes, takes 
place in the endothelial cells of the capillaries of the glomeruli. The 
young gametocytes then enter the tubules, and their subsequent develop- 
ment takes place in the cells of the convoluted tubules, instead of lower 
down, as in K. cobayce. 

Hartmann and Schilling (1917) described certain stages of development 
of Hepatozoon balfouri, the haemogregarine of the red blood-cor|)uscle 8 
of the jerboa, as taking place in the kidney. Reichenow (1921a) states 
that Noller informed him that these were stages of development of a 
species of Klossiella. This parasite of the jerboa was seen by the writer 
in the Sudan in 1906, and he agrees with Noller that the parasite is not 
H. balfouriy but a Klossiella of the jerboa, which may or may not be 
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a species distinct from that of the mouse. The only forms seen appear 
to be the schizogony stages in the tubules. 

Pneumocystis carinii Delanoe, 1912. This organism, which was named 
by Delanoe (1912), possibly represents the schizogony stage of species 
of Klossiella, which, as pointed out above, occurs not only in the endo- 
thelial cells of the blood-vessels of the glomeruli of the kidney, but also 
in those of the vessels of other organs, such as the lung (Fig. 460). 
It is found, however, in animals, such as the dog, which are not known 
to harbour Klossiella. 

In smears of the lung of guinea-pigs and other animals it is seen as 
small round cysts containing eight uninucleate bodies. They were first 
described by Chagas (1909), who found them in smears of the lungs of 
guinea-pigs infected with Trypanosoma cruzi. Carini (1910a) found identi- 
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Fig. 450. — Pneumocystis carinii from the Lung Smears of a Dog ( x 2,000). 

(After Carini and Maciel, 1914.) 

1-0. Various stages in development. 

7. Large mononuclear cell with two included schizonts. 

cal cysts in the lungs of rats infected with T. letvisi, and Vianna (1911a, 6) 
in guinea-pigs infected with various pathogenic trypanosomes. All these 
observers considered the cysts to represent a reproductive phase of the 
trypanosomes. Delanoe (1912) studied these bodies in Paris rats, and 
found they had no connection with the trypanosomes, and named them 
Pneumocystis carinii. Later (1914) he found them in guinea-pigs, but 
failed to discover them in rabbits. They undoubtedly represent the 
schizogony stage of some sporozoon, and Stevenson suggests they may 
be schizonts of Klossiella, which, as shown above, develop in the endo- 
thelial cells of the vessels of other organs than the kidney. It is possible 
that the sporozoites, after escape from the sporocysts which have been 
eaten by the mouse or guinea-pig, pass through the wall of the gut and 
enter the first endothelial cells they reach, and that it is only after repeated 
schizogony that the merozoites finally spread as far as the kidney, where 
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it is necessary for them to arrive in order that sporogony shall occur. 
As a result of Delanoe’s work, Chagas (1913) and Carini and Maciel (1914) 
admit that P. carinii has no connection with the trypanosome cycle. The 
last-named observers found a dog heavily infected. The organism was 
seen also by Aragao (1913), Coles (1914), and Porter (1916). Aragao 
found them in the rabbit, guinea-pig, and rat. He states that they were 
also seen by Machado in the wild guinea-pig, goat, and sheep. Porter 
discovered them in mice and Coles in rats in England. Aragao pointed 
out the resemblance of these cysts to certain stages of Cryptasporidium 
muriSf the coccidium of the glands of the stomach of mice (Fig. 340). 


2. Sub-Order: Hasmogregarinidea. 

The researches of Reichenow and others during the past ten years 
have demonstrated the coccidial nature of a group of parasites which 
were recognized as occurring in red blood-corpuscles or leucocytes of 
vertebrate animals. These have long been known under the name of 
hsemogregarines, but they are now known to be in reality coccidia, which 
have certain stages adapted to life within the circulating cells of the blood. 
In certain cases (Lankesterellidae) the life-cycle is typical of that of the 
Eimeriidea, and takes place either in the intestine, the usual habitat of 
coccidia, or in endothelial cells of the blood-vessels. The sporozoites 
which are eventually produced enter the circulating cells of the blood, and 
are passively transferred by some blood-sucking invertebrate to another 
vertebrate host. These forms {Lankesterella and Schellackia) have been 
considered above (pp. 87C and 878). 

In other instances it is the gametocyte which enters the blood-cell, 
in which case the fertilization process is of the Adelea type, and the 
formation of oocyst and sporozoites takes place in the blood-sucking 
invertebrate, which again transfers the sporozoites to another vertebrate. 
Amongst the hsemogregarines there occur various stages in transition 
from the typical coccidia to the hsemogregarines, which Reichenow terms 
hsemococcidia. It is those hsemogregarines which resemble Adelea ovaia 
in the behaviour of the macro- and micro-gametocytes that are included 
in the sub-order Hsemogregarinidea, with the three following families : 

1. Family: H.®MOGREGARiNiDiE Neveu-Lemaire, 1901. — The small 
oocyst produces sporozoites without the formation of sporocysts. The 
schizogony cycle occurs in the red blood-corpuscles or other cells of the 
body of vertebrates. After several generations merozoites enter red 
blood-corpuscles and become micro- or macro-gametocytes. They are 
then taken up with the blood by an invertebrate (leech), in the gut of 
which association of the micro- and macro-gametocytes occurs. A small 
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number (two to four) microgametes is produced, and after fertilization of 
the adjacent macrogamete the oocyst is formed. 

2. Family: HEPATOZoiDiE. — The large oocysts contain many sporo- 
cysts, which produce numerous sporozoites. The schizogony cycle takes 
place in cells of the internal organs (liver, spleen, bone marrow, etc.) of 
vertebrates. After several generations of merozoites have been produced 
some of them enter red blood-corpuscles or leucocytes, where they become 
micro- and macro-gametocytes. They are then taken into the body of 
an invertebrate (tick, mite, etc.), where association of micro- and macro- 
gametocytes occur. There is some uncertainty as to how fertilization 
occurs, but the process is probably like that in the family Hsemogre- 
garinidse. The zygote becomes encysted in the oocyst, which increases 
enormously in size, eventually producing sporoblasts,"[^sporocysts, and 
sporozoites. 

3. Family: KARYOLYSiDiB. — The oocyst formed in the epithelial cells 
of the intestine of a mite produces a number of sporoblasts, which are 
liberated from the oocyst as motile vermicules (sporokinetes), which 
eventually settle down in the egg of the mite, where they secrete sporo- 
cysts, within which are developed a number of sporozoites. The mite 
hatched from the egg has the sporocysts in its intestinal epithelium, and 
these are cast off and voided in the fseces, which are eaten by the verte- 
brate host, a lizard. The sporozoites make their vray to the endothelial 
cells of the vessels, where the schizogony cycle takes place. Eventually, 
certain merozoites enter the red blood-corpuscles as gametocytes, where 
they appear as haemogregarines. The gametocytes are taken up by the 
mite, in the gut of which syzygy takes place and the oocyst is formed. 


SYSTEMATIC DESCRIPTION OF THE FAMILIES OF THE SUB- 
ORDER H^MOGREGARINIDEA. 

1. Family: HjEMOGREGARiNiDiE Neveu-Lemaire, 1901. 

This family contains the single genus Hcemogregarina Danilewsky, 
1885, which has the characters of the family. The genus was founded 
by Danilewsky for the hasmogregarine of the tortoise, which was named 
H. stepanowi, 

Haemogregarina stepaaowi Danilewsky, 1885. — This is a parasite of the 
European water tortoise, Emys orbicularis {Cistudo europea), and the leech, 
Placobdella catenigera (Fig. 452). The life-history was described by Reiche- 
now (1910), to whose investigations much of our knowledge of the haemo- 
gregarines is due (Fig, 461). The tortoise is infected in the first place by 
sporozoites introduced by a leech. They make their way to the blood- 
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vessels, where they invade the red blood-corpuscles (Fig. 451, 3 ). Within 
these they grow into elongate vermicules, which are eventually doubled 
upon themselves in the form of a U. The two limbs of the loop gradually 
fuse to form a more solid ovoid body. The various stages of growth 
from the sporozoite can be seen in blood-films. The fully-grown form is 
the schizont, and the red cell containing it becomes lodged in the bone 
marrow. Nuclear multiplication takes place till thirteen to twenty-four 
nuclei are present, and segmentation into a corresponding number of mero- 
zoites ensues (Fig. 451, 4 - 8 ). The merozoites are liberated into the blood- 
stream, and infect new red blood-corpuscles. The number of merozoites 
produced by a schizont is greater in the earlier stages of infection than 
in the later. Finally, merozoites develop into much smaller schizonts, 
each of which produces only six small daughter forms, which are young 
gametocytes (Fig. 451, q-io). These enter red blood-corpuscles and grow 
into gametocytes, w^hich are elongate and slightly curved sausage-shaped 
bodies. The macrogametocyte (Fig. 451, iia-i 2 a) consists of denser 
cytoplasm, and contains a smaller nucleus than the microgametocyte 
(Fig. 451, iih-i 2 h). As seen in the red blood-corpuscles they are of 
approximately equal size, but their further development takes place in the 
leech (Fig. 452). In the blood of the tortoise, therefore, there occur the 
young and growing schizonts and gametocytes. When the leech ingests 
the blood of the tortoise, only the gametocytes develop further, all other 
stages being destroyed. The gametocytes escape from their host cells, 
become more or less spherical, and associate in pairs, becoming at the same 
time adherent to the surface of the intestinal epithelium. A cyst w^all is 
formed round both the macrogametocyte and microgametocyte. The 
former increases in size, while the latter undergoes little change, except 
that its nucleus divides to form four separate nuclei, which are the micro- 
gamete nuclei. One of the microgametes which are formed fertilizes the 
macrogamete, a typical fertilization spindle being formed, as in coccidia 
(Fig. 451, 13 - 15 ). The nucleus of the zygote divides to form eight 
daughter nuclei, after which eight sporozoites and a residual body arise 
(Fig. 451, 16 - 21 ). The oocyst does not persist, for it soon ruptures and 

1-2. Schizogony with large number of merozoites. 

3-8. schizogony >»ith smaller number of merozoites. 

9-10. Final sehizogoiiy which gives rise to young gametocytes. 

11a- 12a. OroMtiih of female gametoeyte. 116-126. Gn>wth of male gametocyte. 

13. Association of male and female gametocytes. 

14-15. Male gametocyte producing four male gametes, one of which fertilizes the female, while 
its nucleus ^omis a fertilization spindle. 

10, Zygote M-ith still attached remains of male gametocyte. 

17-19. Nuclear division in zygote. 

20, Oocyst containing eight sporozoites and a residual body. Remains of male gametocyte 

still present. 

21. Sporozoite wliich enters red coll and initiates the schizogony cycle. 
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liberates the sporozoites which enter the hsemocoele spaces, and make their 
way to the dorsal blood-vessel of the leech, whence, by its pulsations, they 
are driven forwards towards the proboscis. Reichenow thinks they enter 
the wound in the skin of the tortoise during the feeding of the leech by 
escaping into the proboscis sheath after actively penetrating the walls of 
the blood-vessels, or by the rupture of the latter. 

There is one point in this cycle which requires explanation, and 
to which attention was drawn by Minchin (1912). The schizont at 
first assumes the form of a long looped vermicule, which, according to 

Reichenow, becomes converted into a solid form 
by fusion of the two limbs. It is known that 
in vitro these vermicules can be seen to leave 
the host cell and move about in the plasma. 
Minchin suggested that this may take place in 
the blood, and that the vermicule may make 
its way actively to the bone marrow, where it 
rounds off as a schizont, either free in the lumen 
of a small vessel or after entering another cell. 

If some such course be not adopted, it is 
difficult to understand why the vermicule stage 
occurs at all. The motile vermicule, which is 
really a partially grown schizont, has been 
called a schizokinete by Minchin and Woodcock 
(1910). 

The life-history of H. stepanowi, outlined 
above, has been confirmed in all essential re- 
spects by Robertson (1910) for H, nicorice 
Castellani and Willey, 1904, a ha?mogregarine 
of the Ceylon lake tortoise, Nicoria trijuga, and 
the leech, Ozobranchus shipleyi. In this case 
the schizogony producing the large merozoites 
occurs free in the blood-vessels of the lung, while 
that producing the smaller gametocytes is found 
in the circulating red blood-corpuscles. After the publication of the 
results of Reichenow and Robertson the writer made sections of leeches 
which he had collected from the water tortoise, Sternothcerus adansonii^ 
of the Southern Sudan, and which harboured a looped haemogregarine, 
which may be H. stepanowi (Plate XIX., 16 - 20 , p. 1102). In the intestine 
of the leech were discovered forms which correspond in every way with 
those described by Reichenow and Robertson. It seems probable that 
many other hsemogregarines of cold-blooded aquatic vertebrates will be 
found to have a similar life-history. 



Fig. 462. — Placobdella 
caienigera ( x 2), the 
Tkansmitter of 
Hcemogregarina stepa^ 
nowL (After Brumpt, 
1922.) 
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2. Family: HEPATOZOIDJE. 

This family, which has been defined above, includes the single genus 
Hepatozoon, founded by Miller (1908) for a parasite of the leucocytes of 
rats (Plate XIX., 1-7, p. 1102). The first member of the genus to be 
described was one which occurred in the leucocytes of the dog. It was 
discovered by Bentley (1905) in India, while James (1905) referred to it 
as Leucocytozoon canis. Later in the same year Balfour (1905) recorded 
a similar parasite of the red blood-corpuscles of the jerboa {Jaculus jaculus) 
of the Sudan. Laveran (1905c) saw the same parasite in J. orientalis of 
Tunis, and named it Hcemogregarina balfouri about a fortnight before 
Balfour suggested the name H, jaculi, which becomes a synonym. 
Christophers (1905) gave the name H. gerbilli to a similar parasite of the 
red cells of the gerbil (Gerbillus indicus) in India. He described the large 
oocysts filled with sporocysts in the louse (Hcematopinus), Balfour 
(1905) first observed the leucocytic hsemogregarine of the rat, Rattiis nor- 
vegicus {Mus decumaniis) in the Sudan, and in the following year (19066) 
proposed to name it L, rnuris, Laveran (19056) pointed out that both 
this parasite and the one of the dog ought to be included in the genus 
Hcemogregarina, In an account of the dog parasite, preparations of which 
were sent him from the Malay States by Gerrard (1906), the writer (1906) 
came to the same conclusion. Patton (1906) described as L. funantbuli a 
similar form in the leucocytes of the Indian palm squirrel (Funatnbulns 
pennantii). The parasite of R. norvegicus was next recorded by Cleland 
(1906) in Australia, and a form seen by Adie (1906) in R, rattus in India 
was named Z, ratti, Christophers (1907a) then studied the development 
of the parasite of the dog in the tick, Rhipicephalus sanguineus. He de- 
scribed the association of the parasites in pairs in the stomach of the tick, 
and the production of cysts containing twelve to fourteen sporozoites. 
These cysts were actually the sporocysts, the obcysts having been over- 
looked. On this account Christophers thought he had possibly been in 
error in attributing to the parasite of the gerbil the large cysts containing 
numbers of smaller cysts with sporozoites which he had found in lice. 
Patton (1908) described the schizogonic cycle of the parasite of the palm 
squirrel as occurring in the lungs, and recorded two new species: L. felts 
domestici from the cat, and L. leporis from the hare, Lepus nigricollis. 
Miller (1908) gave a very full account of the life-history of the parasite of 
the rat, which he called Hepatozoon perniciosum^ both in the rat and in the 
mite, Lwlaps echidninus. 

As regards the correct name for these hsemogregarines of the leucocytes 
and red blood-corpuscles of mammals, a large number of species of which 
has been described, it is evident they do not belong to the genus Leuco- 
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cytozoon (p. 903). The life-history of the parasite of the rat as described 
by Miller (1908), and that of the dog as worked out by Christophers 
(1907a) and the writer (1911a), together with the observations of 
Christophers (1905) on the parasite of the red blood-corpuscles of the 
gerbil and its development in the louse, show that in the production of 
the large oocysts containing many sporocysts these parasites differ 
from those of the genus Hcemogregarina, Miller’s name Hepatozoon 
becomes, therefore, the correct generic title for these parasites. The 
name Leucocytogregarina, which is employed by some writers, was not 
used in a generic sense till Sangiorgi (1912) referred to the form in the 
mouse as Leucocytogregarina musculi, 

Aragao (1911) described a number of haemogregarines from South 
American birds. It has been assumed by Noller (1920) and others that 
he was really dealing with toxoplasmata (see p. 1042). The discovery by 
Adie of an undoubted haemogregarine in an Indian eagle led Hoare 
(1924a) to study Aragao’s paper. It was found that Aragao was probably 
dealing with two distinct types of parasite — toxoplasmata in two birds 
and haemogregarines in five. The parasite of the Indian eagle, which was 
named Hepatozoon adiei, closely resembles the leucocytic parasites of the 
dog, rat, and other animals, and it is probable that in five of his birds 
Aragao was dealing with a similar organism. 

Hepatozoon muris (Balfour, 1905). — This parasite was first seen by 
Balfour (1905) in the brown rat, Rattus norvegicuSy in the Sudan 
(Plate XIX., 1 - 2 , p. 1102). Since then it has been recorded from various 
parts of the world, and will probably be found wherever the common rat 
has made a home. The same parasite was described from the black rat, 
R. rattus, by Adie (1906), who named it Leucocytozoon ratti. It is un- 
doubtedly identical with H. muris and //. perniciosum studied by Miller 
(1908) in the white rat. The same parasite was seen by Cleland (1906) 
and Johnston (1909) in Australia, by Carini (1910) in Brazil, by Franca 
and Pinto (1911) in Portugal, by Darling (1912a) in Panama, and by 
Coles (1914) in England. Kusama, Kasai and Kobayashi (1919) observed 
it in R. alexandrinus, R, norvegicus, and R. rattus in Japan, and 
proposed to name it Leucocytogregarina innoxia. The most complete 
account of the life-history of H, muris is that of Miller (1908), who had 
the opportunity of examining a batch of very insanitarily kept white 
rats which were heavily infested with mites. Massive infection with 
H, muris occurred, many of the animals succumbing to the marked 
degenerative changes which were produced in the liver. Miller suggested 
for the parasite the name H, perniciosum on account of this pathogenic 
action, but the organism is undoubtedly the same as that of wild rats, 
in which such heavy infections do not occur, and which are apparently 
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little affected by the presence of the parasite. H, muris is frequently 
encountered in small numbers in ordinary blood-films of wild rats. Thus, 
out of a series of 278 wild rats examined at the Wellcome Bureau of 
Scientific Research, thirty-two were found to harbour the parasite. In 
Miller’s series of white rats heavily infested with mites all were infected. 

The schizogony cycle takes place in the liver, where it can be studied 
in sections of this organ (Fig. 453, 4 - 8 ). Miller was unable to find these 
stages in any other tissue of the body. The smallest schizont is a spherical 
uninucleate body about 10 microns in diameter. According to Miller it 
occurs in the glandular cells, but it is possible that they are in reality 
endothelial cells of the blood-vessels or the wandering Kupfer cells of 
endothelial origin. The schizont increases in size, while the nuclei multiply 
by repeated divisions till twelve to twenty are present. The fully-grown 
schizont measures on an average 30 by 25 microns, but may reach 35 by 28 
microns. It is surrounded by a delicate cyst wall. The nuclei of the schizont 
arrange themselves on the surface of the two extremities. Small elevations 
of cytoplasm occur near each nucleus, and finally there are budded off a 
number of merozoites, leaving a large residual mass of cytoplasm. If a 
scraping from a liver is examined on the warm stage, the merozoites within 
the cysts can be seen to be gliding about over one another like a mass of 
worms. When the cysts rupture, the merozoites enter other cells and 
repeat the process of schizogony. According to the observations of 
Kusama, Kasai, and Kobayashi (1919), who studied //. muris in Japan, 
the first schizogony cycle starting from the sporozoite occupies four days. 
On the fifth day after infection most of the liver cysts are found to be 
empty, having liberated their merozoites. The growth of these into 
mature schizouts again occupies four days. A similar cycle is repeated 
a third time, but after this, the third schizogony, the merozoites, or 
rather, young gametocytes, instead of entering liver cells, invade the 
mononuclear leucocytes, when they appear in the blood as typical ha?mo- 
gregarines. Occasionally a fourth and even a fifth schizogony will occur 
ill the liver. The cyst which is formed around the schizont appears to be 
a definite structqre formed by the parasite rather than the mere thinned- 
out remains of the host cell. When seen in a fresh scraping from the 
liver, they have the appearance of ovoid cysts with rigid walls. 

The gametocytes which enter the leucocytes, according to Miller and 
the Japanese observers named above, show no sexual dimorphism 
(B'ig. 453, 9 ‘io). They are all of one type, and are enclosed in definite 
capsules which offer some resistance to the penetration of stains. They 
undergo no further change till they are ingested by the mite, Lwlaps 
echidninus, which sucks the blood of the rat (Fig^ 454). During the first 
twenty-four hours the blood undergoes digestion, and the haemogregarines 
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are liberated from the leucocytes and escape from the enclosing cysts. 
They then associate in pairs, each member of a becoming flattened 
to produce an elongate body with pointed extremities (Fig. 453, 11-12). 
According to Miller and also the Japanese workers, complete fusion of the 
two gametocytes takes place, their nuclei also uniting. Before actual 
union occurs, one, which may be considered the macrogametocyte, in- 
creases somewhat in size and encloses the smaller microgametocyte 
(Fig. 453, 13-14). From what is known of other haemogregarines, such 
as H, stepanowi, described above, it is probable that the microgametocyte 
produces microgametes, and that a fertilization of the Adelea type occurs 
instead of the complete fusion of the two gametocytes. This point 
undoubtedly requires further investigation. After fertilization the zygote 
elongates and becomes a motile ookinete measuring 25 by 10 microns. 
It moves about in the stomach contents and grows, till at the end of 
forty-eight hours after the blood had been taken up by the mite it is 
full-grown, and measures 25 by 50 microns. In sections of the mite at 
this period the ookinetes are seen adherent to the surface of the cells, 
actually between them or in the tissues of the body (Fig. 453, 15-16). 
It is evident they migrate through the intestinal wall to the surrounding 
tissues. Here they settle down, become spherical, and commence growing. 
When the growing zygote is 60 to 75 microns in diameter it has a delicate 
cyst wall. Growth is continued till the cyst has a diameter of 100 to 
150 microns. This stage is reached about five days after the mite’s feed. 
At this time the nucleus divides into two, and after repeated divisions 
as many as fifty to one hundred are present. During this nuclear multi- 
plication further growth of the cysts takes place, till a maximum diameter 
of 200 to 250 microns is reached (Fig. 453, 18-19). The surface of the 
cytoplasm now becomes covered with numerous bud-like projections 
which increase in size. Each of these, with a single nucleus, is separated 
from the residual cytoplasm as a sporoblast which measures 15 by 

1. Rscapo of H|K)rr>zoiteH fnmi Hporocysts in intestine of rat. 

2. IVnetmtion of intestinal epithelium by sjwrozoitea and their entry into the blood-vessels 

of villi 

3. P*V8sage of s(M)rozoites from blood-vessels of liver and j)enetration of liver eells. 

4-7. Gro>vth of schizont and formation of merozoites in liver eells. 

8 EscafXi of merozoites from liver cells and their entry into other eells to re]>eat schizogony. 

9. Men>zoites (gametocytes) leaving liver cells to enter blood-vessels. 

19. Gametocytes in mononuclear cells of blood. 

11. Kscapt' of gametocytes fmm mononuclear cells in the stomach of the mite. 

12-15. Syngamy and penetration of intestinal wall by zygote (ookinete). 

19-19. Growth of zygote (sporont) in owyst in tissues of mite. 

20. portion of surface of sporont, sho'a'ing method of sporoblast formation by budding. 

21. Portion of oocyst containing sfKiroblasts. 

22. Portion of oocyst containing 8]K>n> blasts with multiplying nuclei. 

23. Portion of oocyst containing sfjonicysts, in each of "which are a number of sporozoites. 

The mite is eaten by the rat, in the intestine of which the sjiorozoites escape from the 
sporocyst. 


II. 


70 
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10 microns. The nucleus of the sporoblast multiplies by repeated divisions, 
and a cyst, the sporoofst, is formed around it. Within each sporocyst 
are formed from twelve to twenty-four sporozoites, which are closely 
packed around a residual body. In sections of heavily infected mites, 
groups of sporocysts which have escaped from the ruptured oocyst may 
be found scattered all through the tissues (Fig. 453, 20-23). 

Miller succeeded in infecting rats by placing on them infected mites 
(Fig. 454). Rats were also infected by contaminating food with crushed 
mites. Injection of crushed infected mites into the peritoneal cavity 



Fig. 454 . — Lcelaps echidninus ( ? ), the Tbansmittek of Ilepatozoon muris 
(x8). (After Miller, 1908.) 

did not produce infection. It is thus evident that infection of the rat 
takes place by way of the intestinal canal, and is probably brought about 
by the rats devouring the infected mites. It was noted that the fluid 
from the duodenum of the rat had a stimulating effect on the sporozoites 
within the sporocysts. Under its influence the sporozoites commenced 
moving within the sporocyst, which eventually burst and liberated the 
sporozoites, which continued their movements on the slide. 

It is not improbable that H, muscuUy described from the mouse by 
Porter (1908a), Sangiorgi (1912), and Yakimoff and Schokhor (1907a), 
is actually H, muris. 
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Hepatozoon canis (James, 1905). — This parasite, which was discovered 
by Bentley (1905) in India, is very similar to H. muris (Plate XIX., 3 - 4 , 
p. 1102). It occurs in the leucocytes of dogs in various parts of the 
world. James (1905) observed it in India, and gave the name Leucocyto- 
zoon canis to the parasite. It was discovered by Gerrard (1906) in Malaya, 
by Christophers (1906) in Madras, by Mathis and Leger (1909) in Tonkin, 
by Leboeuf and Ringenbach (1910) in the Congo, by Kleine (1910) near 
Tanganyika, by Yakimoff and Kohl-Yakimoff (1911) in Tunis, by Basile 
(19116) in Italy, by the Sergents and Senevet (1912) in Algeria, by Leger, 
A. (1912), in Senegal, and by the writer (1911) in Bagdad. Though the 
forms in the cat, jackal, and hyaena have been given different names, it 
is far from clear that they are actually distinct species. In fact, all these 
parasites resemble one another so closely that it is almost, if not quite, 
impossible to separate them on morphological grounds alone. Leger, A. 
(1912a), believed that the dogs of Senegal were liable to infection with 
two species, one of which was referred to as Hcemogregarina canis and the 
other as 77. chaftoni, a name which he had previously given to the para- 
site of the hyaena. Martoglio (1913) believed that the parasite of dogs 
in Abyssinia differed from the common Hepatozoon canis, and resembled 
the one seen by Patton (1910) in the jackal, and which he had named 
H a?mogregarina rotundafa, Martoglio named the form in the Abyssinian 
dog II. rofundata canis familiaris, and referred to Patton’s parasite as 
//. rot undata canis aurci, and to Leger’s parasite (II. chattoni, of the African 
hyauia) as II. rotundata hyence croculw. This trinomial terminology is not 
in accord with the rules of nomenclature. 

From the work of Christophers (1906, 1907) and of the writer (1911), 
it appears that the schizogony cycle of Hepatozoon canis takes place 
in the spleen and bone marrow. Ran (1925) has seen schizoiits in the 
liver also. The gametocytes, which occur in the leucocytes, undergo 
development in the common dog tick, Rhipicephalus sanguineus (Fig. 420), 
in which, as in the case of //. muris in the mite, there are eventually 
produced large oocysts about 100 microns in longest diameter, containing 
from thirty to fifty sporocysts about 15 to 16 microns in length, each of 
which includes about sixteen sporozoites and a residual body (Fig. 455). 
The sporozoites are 14 to 15 microns in length. After the sporocysts are 
fully developed the oocyst appears to break up, and sporocysts are found 
scattered about amongst the tissues of the tick. Infection of the dog is 
probably produced by the ticks being eaten. In the case of //. canis the 
schizonts, which occur in the spleen, liver, and bone marrow, are of several 
types (Fig. 39). At one end of the scale there are schizonts which produce 
a small number of large merozoites, while at the other there are schizonts 
producing a large number of small ones. The small merozoites are un- 
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doubtedly the forms which enter the leucocytes, while the large ones 
are probably destined to become schizonts again. Between the two 
extremes there are connecting forms which produce merozoites of inter- 
mediate size. If the spleen pulp of an infected dog is broken up in saline 
solution and the emulsion examined in wet preparations, the schizonts 
or groups of merozoites are seen enclosed in a definite cyst. The wall 
appears to be of the thickness of a cyst of Entamoeba coli. Whether this 



Fig. 455 . — Hepaiozoon cams: Developmental Stages in the Tissues of the 
Tick, Bhipicephalus sanguineus ( x 600). (Original.) 

1. Zygote (sporont) which has increased considerably in size and developed a nunilier of nuclei. 

2. ^ction of fully-grown sporont in which sporoblast formation is taking place. 

3. Section of fully-developed oocyst in which the sporocysts, each containing about sixteen 

sporozoite.*?, have formed. 

cyst wall is developed from the remains of the host cell or whether it is 
a special membrane formed by the parasite cannot be stated. 

Kau (1925) claims to have infected dogs by injection of spleen material 
containing schizonts, as also by the injection of the tissues of infected 
ticks. Parasites appear in the blood of dogs in two or three weeks after 
inoculation, and it is stated that the infection progresses in intensity 
and may bring about the death of the animals. It is by no means clear 
from his account that other causes of death were excluded. 
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Hepatozoon ciiceti Noller, 1912. — This parasite of the hamster {Cricetus 
frumentarius), recorded by Noller (1912c), has a life-history very similar 
to that of JT. muris and //. canis. The invertebrate host, according to 
Noller (19206), is the mite Liponyssus arcuatus^ in which large oocysts 
are produced like those described above. 

The haemogregarines which occur in the red blood-corpuscles of 
mammals develop in a similar manner (Plate XIX., 5-7, p. 1102 ). Two 
of the best-known are Hepatozoon balfouri (Laveran, 1905) of the jerboas 
{Jaculus gordoni, J, orientalis, J^johnstoni) and H. gerbilli (Christophers, 
1905) of the gerbil {Gerbillus indicus). The invertebrate host of the 
former is probably a mite (Dermanyssus sp.) or a flea {Pulex cleopatrce), 
and of the latter the louse (Hwmatopinus stephensi), in which Christophers 
found largo oocysts containing sporocysts, each of which had six to eight 
sporozoites. 

Large oocysts of this type were discovered by Chatton and Roubaud 
(1913) in the body cavity of a Glossina palpalis. As these observers 
suggest, they are probably derived from some unidentified hiemo- 
gregariiie. Similar cysts were seen by Macfie (1916) in these flies. They 
were 400 to 560 microns in diameter, and contained many sporocysts, 
each having a diameter of 36 microns, and containing about forty sporo- 
zoites measuring 23 by 4 microns. 

Adler and Theodor (1925) have discovered in a single Phhbotomus 
papatasii in Jericho large oocysts of what may be a species of Hepa- 
tozoon, The oocysts measured 130 by 95 microns, and each contained 
about one hundred sporocysts and a number of round refractile bodies 
8 microns in diameter. The sporocysts varied in length from 21*4 to 36*4 
microns, and in breadth from 15*7 to 20 microns. Each contained from 
four to sixteen sporozoites, a residual body from 3*6 to 6-4 microns 
in diameter, and a number of small refractile granules. Within the 
sporocyst the sporozoites were actively motile. When the sporocysts 
were ruptured it was noted that each sporozoite was enclosed in a spindle- 
shaped membrane measuring 35 by 6*4 microns. On one side of the 
membrane two longitudinal parallel lines could be seen. These evidently 
represented the margins of a slit-like opening, for sporozoites were seen 
to emerge from the membrane between the lines. The sporozoite when 
fully extended measured about 35 by 5 microns. Apart from the mem- 
brane enclosing the sporozoites, which has not been seen in other forms, 
the parasite corresponds with the similar stages of H, muris, //. canis, 
and the cysts discovered by Chatton and Roubaud (1913) in Glossina pal- 
palis, It is not improbable that the oocysts were derived from the blood 
of some animal harbouring haemogregarines on which the sand fly had fed. 
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Fig. 460. — Hepatozoon adiei of an Indian Eagle ( x 2,000). (After Hoars, 1924 ; 
FROM Trans, Roy, 8o€, Trop. Med, and Uyg,^ vol. xviii., p. 64.) 

IFor deseripiion see opposiU page* 






GENUS: HEPATOZOON 


1096 


Hiemogregarines similar to the above have been described from a 
number of mammalian hosts, but in most cases they have been seen only 
in the blood stage. They will be referred to below (p. 1111). 

Hepatozoon adiei Hoare, 1924. — This is a parasite of an Indian eagle, 
the correct name of which could not be obtained. The parasite so closely 
resembles //. miiris and //. canis that a separate description is not neces- 
sary (Fig, 456). The schizonts were found in smears of the lung, and 
they appeared to resemble those of the dog and rat parasite. Only dried 
films of the blood and organs of the bird were available for study, and 
nothing is known of the invertebrate cycle. 

Fantham (1924) describes as Leucocytogregarina amadince a hepatozoon 
of Amadina erythrocephala. Assuming that the parasites which Aragao 
(1911) dis(!Overed in five South American birds belonged to the same 
genus, the following additional species can be recognized: H, atticorce 
(Atticora cyanoleuca), //. rhamphocadi {Rhamphocadns hrnsilins), //. paro- 
arice {Paroaria larmta), II. Utnagrce {Tanagra palmaniw), H. brachyspizce 
{Brachynpiza capensis) (seep. 1086). 

:5. Family: KARYOLVSIDiE. 

The definition of this family has been given above (p. 1081). It 
contains the single genus Karyolysus (Caryolysus)^ which was found by 
Labbe (1891) for a parasite which had been discovered in the red blood- 
corpuscles of lizards of the genus Lncerta by Danilewsky (1886), who named 
it Ilwmogregarina lacerlarunt. Owing to the fact that the parasite often 
has a karyolytic action on the nucleus of the host cell and causes it to 
fragment, Labbe placed it in a new genus, Karyolysus. From the work 
of Heichenow it appears that the j)arasite K. hicerlnrum differs in its 
life-cycle from other haunogregarines, and that it correctly belongs to 
a distinct genus for which Labbe’s name Karyolysus can be employed, 
tliough the characteristic feature of the genus given by Labbe- namely, 
the karyolyti<‘ a<*tion cannot be regarded as of generic value. 

Karyolysus lacertarum (Danilewsky, 1886).- The life-history of this 
hannogregarine, which is a parasite of the lizard, Lacvrfn muralis, has been 
described by Reichenovv (1921). The schizogony stages occur in the 
endothelial cells of the capillaries, where they may be detected in sections 
of any of the orgaiis of the body (Fig. 457, 1-4). The youngest schizont 
is derived from a sporozoite or a merozoite. It has an elongate form, but 
by growth gradually becomes more ovoid, while its cytoplasm becomes 
charged with granules of reserve food material. The schizont then forms 


l-o. Schizogony stAges as soc*n in dried smc»ar> of the lung, 
h-li). Foniiw (gamete Kbytes) in tin* Iciicocj't^'s of the peripheral blood. 
11-12. //. muris and II. canis for comiiariKon. 



Fig, 457. — ^Life-Cycle op Karyolysus lacertarum in the Lizahd, Lacerta miiralis, 
AND THE Mite, Liponyssua saurarum ( x 1,000). (After Eeichenow, 1921.) 

1-4. Schizogony in the endothelial cells of the blood-vessels of inner organs of the lizard. 

5. Schizogony giving rise to smaller merozoites which enter red blood-corpuscles. 

6. Merozoites, now male (6a) and female (6&) gametocytes, in red blood-corpuscles. 

7. Free male and female gametocytes in intestine of mite. 

8. Association of male and female gametocytes. 

[For coTUimation of description see opposite payc. 
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around itself a membrane, after which further growth takes place, while 
the nucleus multiplies by repeated divisions. At all stages the nucleus 
consists of a membrane enclosing a group of chromatin granules and 
a karyosome (binnenkorper), which stains less deeply than the chromatin 
and has a lateral position in the nucleus. At each nuclear division the 
karyosome divides by dumb-bell constriction, and the chromatin granules 
are also divided. Eventually, eight to thirty nuclei are produced, and by 
segmentation of the schizont a corresponding number of merozoites is 
formed, together with a residual body. The merozoites may remain for 
a considerable time within the cyst, during which they increase in size 
by absorbing nutriment from the residual body, which may ultimately 
disappear entirely. There is considerable variation in the size and 
details of structure of the merozoites from different cysts. Finally, the 
cyst ruptures, the merozoites escape into the blood-stream and invade 
other endothelial cells, where the schizogony is repeated. 

After schizogony has been repeated a number of times, the schizonts 
give rise to a larger number of small merozoites which invade the red blood- 
corpuscles. In structure these do not differ from other merozoites except 
that the karyosome cannot be distinguished in the nucleus (Fig. 457, 5 ). 
They are in reality the young gametocytes, and soon after their entry 
into the red blood-corpuscles they become surrounded by a fairly tough 
membrane. The nucleus of the red cell is indented and pushed to one 
side, where it not infrequently breaks up. The form which will become 
the macrogametocyte grows slightly, and a karyosome becomes apparent 
at one end of the nucleus (Fig. 457, 6b-^b), Those which become micro- 
gametocytes remain unchanged (Fig. 457, (>a-^a). On account of this 
growth it results that in any blood -film various types of hsemogregarine 
occur. The further development takes place in the female mite, Liponys^ 
sus saurarum (Fig. 458). The micro- and macro-gametocytes become free 
in the gut, and can be distinguished from one another (Fig. 457, 7 a- 7 ^). 
The macrogametocyte is larger, has a larger nucleus, and a more distinct 
karyosome than the microgametocyte, which has developed a karyosome 
much later. While still free in the gut the micro- and macro-gametocytes 
become associated in pairs and flattened against one another to form 

9. Growth of male and female gametocytes. 

10. Female gametocyte is still large, while the male gametocyte is producing tw\» microgametes. 

11. One mici’ogamete has entered the female gamete. 

12. Gn)W’th of zygote; the remains of the male gametocyte are still present. 

13. First nuclear division in the zygote (sporont). 

14. Multinucleated sporont about to produce sporo blasts. 

15. A free motile sporo blast (sporo kinete) which makes its way to the eggs of the mite. 

16. Rounded off sporokinete in the egg of the mite. 

17. The rounded-off sporokinete becomes encysted (sporocyst), and appears in the tissues of 

the newly-hatched larva, and becomes mature with twenty to thirty sporozoites in the 
n 3 rmph. The nymph is devoured by the lizard, in the intestine of which the sporozoites 
escape and make their way to the endothelial cells of the blood-vessels. 
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elongate spindle-like bodies. In this condition each pair enters an 
epithelial cell of the gut, where it becomes more or less rounded and 
enclosed in a cyst (Fig. 457, 8 - 9 ). The macrogametocyte increases 
still further in size, whereas little growth of the microgametocyte takes 
place. The nucleus and the karyosome of the macrogametocyte become 
larger, while that of the microgametocyte divides once to form two nuclei, 
which are separated off as two flagellated microgametes, one of which 
fertilizes the macrogamete (Fig. 457, lo-ii). In this process a typical 
fertilization spindle occurs. After the chromatin from the microgamete 

nucleus has entered the spindle, the latter 
retracts and becomes a spherical nucleus. 

The zygote now increases enormously 
in size. Nuclear multiplication commences^ 
and at each division the karyosome divides, 
as in the case of the schizonts. The first 
division of the synkarion is a reduction 
division (Fig. 457, 13 ). The number of 
its chromosomes is double the usual 
number, owing to the entry of the chromo • 
somes of the microgamete. Instead of 
dividing as they do at other stages, the 
chromosomes, which, as regards size, are 
arranged as pairs of homologous chromo- 
somes, separate into two groups, each of 
which enters a daughter nucleus. One 
chromosome of each pair enters into each 
group. At the second and subsequent 
divisions the number of chromosomes is 
maintained by a(*tual splitting of each 
chromosome to form daughter chromo- 
somes. After nuclear multiplication is 
completed, division into a varying number 
of elongate vermiform bodies occurs (Fig. 457, 14 - 15 ). They reach a 
length of 40 to 50 microns, and are characterized by having homogeneous 
aggregations of food reserve material in the cytoplasm. A residual body 
is generally present. The vermiform sporoblasts are motile, and except 
that they are larger, resemble the ookinetes of other parasites. To dis- 
tinguish it from an ookinete or motile zygote, the motile sporoblast has 
been called sporoJcinete by Reichenow (Fig. 457, 15 ). After rupture of the 
oocyst, the sporokinetes make their way into the body cavity of the mite 
and wander about amongst its various tissues. Some of them reach the 
ovaries, where they enter the ova, become rounded off, and enclosed in 



Fig. 45S.~ -Liponyssus saiiramm 

( ? ), THE Tm\KSMITTEIl OF 
Karyolysus laceriarum {x ca. oO). 
(After Oudemaxs, 1902, 
Slightly Modified.) 
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sporocysts. Within each sporocyst nuclear multiplication takes place 
till twenty to thirty nuclei are present. Division into a corresponding 
number of sporozoites and a residual body follows (Fig. 467, 16-17). While 
nuclear multiplication is in progress the larva hatches from the egg, and 
by the time it becomes a nymph the sporocysts are fully formed. The 
mature sporocysts measure from 20 to 25 microns in diameter. 

The nucleus of the synkarion has a distinct nuclear membrane and 
karyosome. During its division the membrane and karyosome persist, 
the latter dividing at each nuclear division, so that the nucleus of the 
sporokinete has a similar structure. At the first division of the sporoblast 
nucleus within the sporocyst the nuclear membrane is still present, but 
it becomes less distinct. When the two daughter nuclei divide the 
membrane is no longer seen, there being merely a group of granular 
thread-like chromosomes, amongst which the karyosome can still be 
distinguished. At each division each chromosome divides, as also does 
the karyosome. The latter, however, becomes smaller, so that when the 
sporozoites are eventually formed each has a nucleus consisting of a few 
chromatin granules, amongst which a karyosome may or may not be 
recognized. 

During the differentiation of the various tissues of the embryo within 
the egg the sporocysts occupy cells which are destined to become the 
lining epithelium of the gut, so that by the time the nymph has its first 
feed of blood the epithelial cells of the intestine have mature sporocysts 
within them. After the feed many of the cells are shed into the lumen 
of the intestine, and the sporocysts with them pass out of the body in 
the ftvces. These are ingested by lizards, which become infected. Infec- 
tion may also be brought about by the lizard eating the nymph. The 
sporozoites make their way through the gut epithelium of the lizard to 
the blood-vessels, into the endothelial cells of which they penetrate, to 
commence the schizogony cycle. 

The account of the life-history of Kanjolysus lacertanim just given 
was the outcome of investigations conducted by Reichenow in Italy and 
Madrid. Franca had described as many as fourteen species of haemo- 
gregarine from the lizards which occur in the vicinity of Lisbon. Woodcock 
(1912) expressed the view that all the forms occurring in two of these 
[Lacerta muralis and L, ocellata) would be found to belong to one species. 
Reichenow’s investigations (1921) of the complete cycles has shown, how- 
ever, that the wall lizard, L. ruiiralis, from the neighbourhood of Madrid, 
harbours no less than eight distinct species of haomogregarine (blood coc- 
cidia), which are different from the one studied by him in this lizard in Italy. 
All but two of these resemble K. lacertarnm in their cycles of development. 
The two forms which do not agree with K. lacertarum belong to Reichenow’s 
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genus Schellackia, which has been already considered , and in which the intra- 
corpuscular blood forms are sporozoites and not gametocytes (Fig. 379). 

The forms which resemble K. lacertarum in life-history fall into two 
groups. In one the oocyst forms in the gut epithelium of the mite, while 



5 - 6 

Fig. 459. — Schizogony of Hcemogregarina (t Karyolysus) gracilis in Liver of 
THE Lizard, Mabuia gmnquetesniata of the Sudan ( x 3,000). (Original.) 

1. Commencing production of narrow merozoites (gametocytes) as finger-like outgrowths from 
ends of schizont. 2. Narrow merozoites and large n^,bidual body. 

3-4, Schizogony into eight large merozoites. 5. Schizogony into about sixteen merozoites. 

6. Red blood corpuscle of peripheral blood containing two of the narrow merozoites 
(gametocytes). 


in the other it is formed in the body cavity. To the former group belong 
Ks lacertarum and K. bioapsulatus of Lacerta muralis, while to the latter 
belongs K. hiretortus of L. viridis. 
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Undoubtedly many hsemogregarines, especially those of lizards and 
snakes, will be found to belong to the genera Karyolysus and Schellachiay 
but till their life-cycles are known it will be impossible to classify them 
with any certainty. It is possible, as Reichenow has suggested, that the 
form described by the writer (1909) as Hcemogregarina gracilis from the 
lizard, Mabuia quinquetreniata, of the Southern Sudan belongs to this genus 
(Plate XIX., 14-15, p. 1102). The complete life-history is not known, 
but the schizogony cycle with the production of large merozoites occurs 
in the liver (Fig. 459, 3-5). Finally, a different type of schizogony takes 
place in that there is produced a large number of very narrow daughter 
individuals with elongated nuclei (Fig. 459, 1-2). It is these forms 
which appear in the red blood-corpuscles as haemogregarines (Fig. 459, 6). 
They are probably the gametocytes, and are of interest on account of 
their slenderness, in which respect they differ from the more usual type 
of ha3mogregarine. 

HiGMOGREGARINES IN GENERAL. 

The haemogregarines have already been considered above, but it will 
be convenient to discuss the group as a whole. The vast majority have 
only been seen in blood-films, where they may be sporozoites, gametocytes 
in various stages of growth, or schizonts, which, though usually in the 
uninucleate condition, may sometimes be multinucleate, or actually in 
process of breaking up into merozoites (Plate XIX., p. 1102). Generally, 
however, the multinucleate stages of the schizont are confined to the 
internal organs. 

When blood containing intracellular haemogregarines is mixed with 
citrate or saline solution, or simply observed in a wet film preparation, 
the parasites may be seen to leave the host cell, when they move about 
as elongate vermicules which have the anterior end blunter than the 
posterior. They often leave the cells in the blood-vessels of animals which 
have been dead for some hours. It is possible that in the circulating 
blood the vermicular forms may be able to leave one cell and enter another. 
Stebbins (1905) and Dobell (1910), as also did Labb6 (1894), stated that 
they had actually observed the free hsemogregarines entering other red 
blood-corpuscles. It may be that this behaviour of the parasite is the 
result of exposure on the slide in the same way that flagellation of malarial 
parasites takes place after removal of blood from the body, but Minchin 
(1912) considered that if such migrations did not occur in the vertebrate, 
it would be difficult to account for the fact that the vermicular form 
within the red cell was retained. 

Within the cell in dry films stained by Romanowsky stains the haemo- 
gregarines have a blue-staining cytoplasm, and a more or less centrally 
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placed purple red nucleus. The latter is a comparatively large structure, 
and takes the colour of the nuclei of leucocytes rather than the brighter 
red of the nuclei of malarial parasites. In wet fixed films the nucleus is 
found to consist of a nuclear membrane upon which granules of chromatin 
are arranged. There may be a karyosome within the nucleus. 

Some haBmogregarines are much shorter than the host cell, and they 
lie in the stroma of the cell as elongate vermicules, as in the case of 
LankeMerella minifna. Others are much longer than the cell, and are 
then looped in the form of a U, the two limbs lying side by side, as 
in Ucemogregarina stepanowi (Fig. 451, 5). In other cases they appear 
as more solid bodies, about two or three times as long as they are broad, 
and with rounded ends. These forms appear to be developed from smaller 
ones which have grown to this shape, or from the looped forms by fusion 
of the two limbs, or by gradual withdrawal of one limb. 

The hsemogregarines within the cells are generally enclosed in a definite 
cyst, which may be formed by the parasite or from the stroma of the cell. 
The cyst wall is quite colourless and transparent, and, thougli usually 
readily permeable, in some cases offers considerable resistance to the 
penetration of stains. AVhen the ha)mogregarine leaves the cell the cyst 
wall ruptures, and it glides through the opening. Sometimes, through 
breaking-down of the host cell, the cysts still enclosing the ])arasite may 
be free in the plasma. The remains of cysts may sometimes })e seen in 
films as red-staining, rod-like structures formed by the rolling up of the 
empty cysts on their longitudinal axis. In blood-films made from animals 
which have died, empty cysts distorted and folded in various ways are 
often seen. In certain hsemogregarines of snakes, Sanibon and Seligmann 
(1907) have figured a line across the cyst at each end, and they have 
supposed that the ends of the cysts are valves which open to liberate tlie 
haemogregarine. This hardly seems probable, for, when the f)arasite8 
are observed to leave the cyst, they do so through an irregular tear, there 
being no indication of the opening of a valve. Similar markings were 
noted by Laveran and Pettit (1909) in a haemogregarine of Pituophis 
melanoleucm. 

The haernogregarines of cold-blooded animals which have nucleated 
red blood-corpuscles are usually in these cells. In any infection, how- 
ever, occasional parasites may be seen within the leucocytes. In some 
cases, however, these animals appear to harbour hfiemogregarines which 
are definitely leucocytic. Thus Leger, M., and Mouzels (19176) described 
such a form from the lizard, Tupinambis nigropunctatus, while in the same 
year Yakimoff described as H, nince kohUyakimovi a leucocytic hsemo- 
gregarine of an unnamed fish of Transcaucasia. In the case of mammals 
certain haemogregarines infect the red blood-corpuscles, while others are 





PLATE XIX. 

\’AK]017S HitCMOUBBOAfiU^XS IB THS ReD BLOOD^CoRPUSOLBS OF VBBTBBRAYBS. i>HIl£0 

Blooi>-Film8 staikeb with Romanowsky Stairs. ( x 2,000). 

1-2. mwM of the rBt. 

3-4. H€|iaA»^,ea9it0of thedog. 

6-7. Befatowm balfowri of tli6 krboB. 

8-10. Hcsmogrefforina (?) naja ox tlie African cobra, hajct. 

11-13. Hamooregarina (?) ranartm of tbe frog. 

14-16. Kwrydyaw gr€bcUie of tbe Heard, Mabuia quinqttetaniata, 

16-20. Hemogregarina atepanowi (?) of the tortoise, Stemothearus adaimann, of 
the iSvaan. 

21-22. livsmogregarifia (?)sp* of the alligator, AUigalor misaiastppien^is. 

23-26. HcBfnogregaritin (?) ep. of the gecko, Tarmtola mauritanica, 

26-30. Hcpfnogregarina (?) ciglefini of the haddock, Oadtut tggiefinus, 

( 1 - 26 . Original; 26 - 30 , after Henrt. 1913 .) 






PLATE XIX. 



1 in ’ 




CLASSIFICATION 


1103 


exclusively leucocytic forms. Reichenow (1919), however, has shown 
that the hsemogregarine Schellackia bolivari is a parasite of the red blood- 
eorpiiscles in the lizard, Acanthodactylus vulgaris, and of the lymphocytes in 
Psammodromus hispanicus (see p. 878). 

As regards the occurrence of schizonts in the multiniiclear or segment- 
ing condition in the peripheral blood, it must be remembered that when 
this process takes place in the red blood-corpuscles the cells containing 
the growing schizonts are generally held up in the vessels of the internal 
organs before nuclear multiplication commences. Sometimes, however, 
the cells containing the schizonts may appear in the peripheral blood, as 
occasionally occurs in the case of infection with Plasmodium falciparum. 
Similarly, when the schizogony occurs in the endothelial cells of the 
vessels, these cells may become dislodged and appear in the peripheral 
circulation. Labbe (1894) figures stages of schizogony of Lankesterella 
of frogs as occurring in the leucocytes or red blood-corpuscles of the 
peripheral blood. Ndller (19136) describes the schizogony of this parasite 
as occurring in the endothelial cells of the vessels, so that the forms stated 
by Labbe to be within the leucocytes may in reality be in detached endo- 
thelial cells (Fig. 380). The majority of the forms figured by him are 
in cells of this type. Those in the red blood-corpuscles may actually be 
schizonts in an exceptional situation, or belong to some totally distinct 
parasite, such as Dactylosoma ranarum (Fig. 431). 

In hamiogregarines generally the schizogony stages can only be found 
in smears or sections of the various organs. The schizonts can often be 
seen in definite cysts in moist preparations of scrapings from the organs. 
Ordinary dried smears, owing to shrinkage and distortion, give pictures 
which are much less satisfactory than sections of properly fixed tissues. 

It has been shown above that the haemogregarines, of which com- 
plete life-cycles have been elucidated, fall into two groups. In the first 
of these the fertilization is of the Eimeria type. The male ganietocyte 
produces a comparatively large number of microgametes, and is not 
developed in association with the macrogamete. The forms which occur 
in the red blood-corpuscles are sporozoites. In the second group the 
fertilization is of the Adelea type, and the male gametocyte which develops 
in association (syzygy) with the female gametocyte produces only two 
or four microgametes. The forms which occur in the red blood -corpuscles 
are gametocytes, schizonts only being found there in the case of those 
which reproduce by schizogony in these cells. The heemogregarines may 
therefore be grouped as follows: 

1. Hsemogregarines which have micro- and macro-gametocytes of the 
Eimeria type. Only sporozoites occur in the red blood-corpuscles, and 
these are carried from one vertebrate to another by the invertebrate 
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host (leech or mite) without undergoing further development in the 
invertebrate. 

(a) Schizogony and sporogony up to the formation of sporozoites 
occur in the intestinal wall. When the oocyst ruptures, the sporozoites 
enter the red blood-corpuscles. Genus Schellackia (Fig. 379). 

(b) Schizogony and sporogony up to the formation of sporozoites 
occur in the endothelial cells of the blood-vessels. When the oocysts 
rupture, the sporozoites enter the red blood-corpuscles. Genus Lankes- 
terella (Fig. 380). 

2. HaBmogregarines which have micro- and macro-gametocytes of 
the Adelea type. The blood-corpuscles (either red or white) contain 
gametocytes and sometimes schizonts. The gametocytes are taken up 
by an invertebrate, in which the oocyst containing sporozoites is produced. 
The sporozoites are transferred to the vertebrate through the agency of 
the invertebrate. 

(а) Schizogony occurs in the red blood-corpuscles, and in these cells 
gametocytes are also formed. In the invertebrate (leech) an oocyst 
containing free sporozoites is produced. Genus Hcemogregarina (Fig. 451 ). 

(б) Schizogony takes place in cells of the internal organs, usually the 
endothelial cells of the blood-vessels. The gametocytes enter either the 
red blood-corpuscles or the leucocytes, and in the invertebrate (tick, mite, 
louse) develop into large oocysts containing a number of sporocysts, each 
of which contains the sporozoites. Genus Hepatozoon (Fig. 453). 

(c) Schizogony occurs in the endothelial cells of the blood-vessels, and 
the gametocytes enter the red blood-corpuscles. In the invertebrate 
(mite) there is developed an oocyst in which sporoblasts are produced. 
These escape from the oocyst as motile vermicules (sporokinetes) and 
enter the egg, in which they become sporocysts, within which sporozoites 
are developed. The young hatching from the egg have the sporocysts 
in their intestinal epithelium, and the sporozoites are transferred to the 
vertebrate by them. Genus Karyolysus (Fig. 457). 

It will be evident that if the life-history of all haemogregarines were 
known, it might be possible to group them according to the above classi- 
fication. In the great majority of cases only the blood forms have been 
described, and as it is not certain whether these are gametocytes, sporo- 
zoites, or schizonts, it is impossible to determine the genera to which they 
belong. 

Hsemogregarines of Aquatie Reptiles and Amphibia. 

The life-history of Hcemogregarina stepanowi of the water tortoise 
was described by Reichenow (Fig. 451). In the leech are produced 
oocysts of a definite type. Furthermore, the schizogony takes place in 
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the red blood-corpuscles, which either circulate in the vessels or are held 
up in the capillaries of the internal organs. On this account the ordinary 
blood-films of the tortoise will show a variety of forms— schizonts in 
all stages of development from the merozoites onwards, and male and 
female gametocytes in various stages of growth. A similar cycle was 
proved for //. nicoricB by Robertson, and the writer obtained evidence 
of a similar development in the case of the parasite of the tortoise, Sterno- 
thcprus adansonii, of the Sudan (Plate XIX., 16 - 20 , p. 1102). It is possibly 
safe to conjecture that the ha 3 mogregarines of all aquatic tortoises, and 
possibly those of crocodiles, fish, and some amphibia, will be found to 
have a similar development in leeches. Laveran and Negre (1905) 
examined ticks (Hyalomma cegyptium) taken off the land tortoise, Testudo 
mauritanica, which was infected with Hceynogregarina mauritanica. They 
discovered in the gut cysts containing sixteen sporozoites, which were 
similar to those which occur in the development of H. stepanowi in the 
leech, so that it is possible that the haemogregarines of some of the land 
reptiles have a cycle of development in arthropods similar to that of 
H, siepanowi of the aquatic tortoise. On the other hand, the cysts may 
have been sporocysts which had escaped from oocysts, in which case the 
development would correspond with that of Hepatozoon ymms. 

The small hacmogregarine of frogs, Lankesterella niintma Chaussat, 
1850, has been shown by Noller (19136) to develop only in the endothelial 
cells of the blood-vessels of the frog, and the sporozoites which are eventu- 
ally produced in oocysts within these cells enter the red blood-corpuscles 
and a})pear as small haemogregarines (Fig. 380). These are transferred 
mechanically by leeches from one frog to another. On this account the 
parasite cannot be included in the genus Hcemogregarina, It is possible 
that other hsemogregarines of aquatic vertebrates, such as the small ones 
in newts, will be found to belong to][this genus, but the majority of the 
forms which occur in the red blood-corpuscles of these animals resemble 
H. siepanowi rather than L. minima. They arejfrequently seen as large 
looped vcrmicules extending from one end of the red blood-corpuscle 
to the other, or as more compact forms which have been derived from 
the looped forms by fusion of the two limbs. In the latter nuclear 
multiplication takes place, and eventually merozoites are produced. 
Frequently the red cells containing the compact forms are held up in 
the internal organs, so that the schizogony stages are not seen in the 
peripheral circulation. In addition to these, the peripheral blood shows 
encapsuled sausage-shaped forms in various stages of growth. These 
are undoubtedly the developing gametocytes. To this group probably 
belong the large looped hsemogregarines of frogs and toads, the various 
forms in aquatic chelonians and crocodiles, and probably those of fish, 
n. 71 
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Hsemogregarines of Fish. 

Heemogregarines were first discovered in fish by Laveran and Mesnil 
(1901), who described Hcemogregarina simondi (Fig. 460) from the common 
sole {Solea vulgaris)^ and //. bigemina (Fig. 461) from the blenny (Blennius 
pholis and B, montagui). Since then numerous other forms have been 
described from marine fish, chiefly by Laveran and Mesnil, Brumpt and 
Lebailly, Neumann and Henry. Heemogregarines occur much less fre- 
quently in fresh- water fish. H, bettencourti was described by Franja (19086) 
from the eel {Anguilla vulgaris) of Portugal, and H, nili by the writer (1909) 
from Ophriocephalus obscurus of the Upper Nile, while Migone (1916a) 
observed certain forms in river fish of Paraguay. As they occur in the 



P^iG. 460. — Hcemogregarina simondi from the Blood of the Sole, Solea vulgaris 
(x 1,800). (After Laveran and Mesnil, 1901.) 

1-3. Vermicular forms free and in red ldood-cor])iiscle and uninfected corpuscle. 

4-7. Stages of schizogony in red blood-cori>uscle. 


blood the fish heemogregarines resemble those of other animals, but little 
is known of their life-histories. Eeproducing schizogony forms have been 
seen in the peripheral blood in some instances. 

In the case of H. bigemina of Blennius pholis it appears that division 
into two takes place, as the hsomogregarine is often seen in pairs in the 
red cells, while other cells contain what appear to be dividing forms 
(Fig. 461). H, quadrigemina of Callyonymus lyra similarly divides into 
four, H, simondi of Solea vulgaris into eight (Fig. 460), and H, polypartita 
of Gobius fraganellus into sixteen. In these heemogregarines it appears 
that the schizogony occurs in the red cells, which continue to circulate 
in the blood-vessels. 
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In the case of H, ceglefini of the haddock {Gadus ceglefinus)^ Henry noted 
in the blood certain structures in leucocytes of the mononuclear variety. 
These were in the form of spherical masses of cytoplasm, with one or 
more nuclei (Fig. 443). In the other cells occurred numerous small 
merozoite-like bodies. These structures were seen first by Neumann 
(1909), and were considered by him to represent a distinct parasite, which 
he named Globidimn multifidum, a name subsequently changed to Globi- 
diellum multifidum by Brumpt (1913c). They measure from 3 to 20 microns 
in diameter. Henry (1913a) considered the possibility of this organism 
being a leucocytozoon, but came to the conclusion that it was the 
schizogony stage of the hsemogregarine which occurred in the red 
blood-corpuscles. It seems possible that the cells are actually endothelial 



Fig. 461. — llwmogregnrina bigemina from the Blood of Blexnies, Blenniiis 
phoUs AND B. montagiii ( x 1,800). (After Laveran and Mesnil, 1901.) 

1-2. Free forms in blood 3-5. Successive stages in division. 

6-10. Growth of young forms into typical vermiculcs. 

in origin. It has already been pointed out that many haemogregarines 
undergo schizogony in these cells. 

While studying H, simondi in the fresh blood, Henry noted that the 
ha)mogregarines left the host cell, a process which occurs commonly 
amongst haemogregarines observed in vitro, and moved about as vermi- 
cules. He described a process of granule-shedding wherein certain 
granules appeared to be extruded from the parasites. He compared 
these with the much-discussed “ infective granules ’’ of spirocha 3 tes, and 
concluded they were destined for further development. Within the red 
blood-corpuscles of Coitus bubalis and C. scorpius which harboured 
H. cotti were discovered small cytoplasmic bodies varying in length from 
2 to 4*5 microns by 1 to 3 microns in breadth. These stained blue by 
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Roraanowsky stains, and showed a marginal red-staining chromatic area. 
Many of them resembled the ring forms of species of Plasmodium or 
Hcemoproteus. Henry (1910) came to the conclusion that they were para- 
sites distinct from the hsemogregarines, and proposed the name Ucemo- 
hormidium cotti (Fig. 443, 11 - 12 ). In his later contributions to the subject 
(1913a) he concluded that they represented the extruded granules of the 
hsemogregarines which had invaded the red cells in order to develop into 
the adult forms. There seems very little justification for such a con- 
clusion, and it is highly improbable that the granules extruded from the 
h 80 mogregarines represent anything more than an excretory, if not a 
degenerative, process. 

Another parasite of more definite structure was discovered in the 
mackerel {Scomber scomber) by Henry (1910). He proposed for it the 
name Hcematractidium scombri (Fig. 443, 1 - 6 ). It occurs both in the red 
blood-corpuscles and leucocytes, and is mostly in the form of an elongated 
body, often closely applied to the nucleus. It is sometimes more pointed 
at one end than the other, and is possessed of a central nucleus. Figures 
illustrating degeneration of the red cells as a result of the presence of the 
parasite suggest that the so-called degenerate cells are actually damaged 
as a result of the process of spreading the film. The free forms, also, 
which may show pseudopodial prolongations, appear to be damaged 
specimens which have been dragged out of the cells that have been broken 
mechanically. The parasites look more like small hsemogregarines of 
the Lanhesterella type than any other organism. 

Franchini and Saini (1923) have described heemogregarines from fresh- 
water fish in France. A form in Gobio fluviatilis is named Hcemogregarina 
gobionis ; one in Cyprinus carpio, H. carpionis ; and one in Tinea tinea, 
IL laverani. The curious feature of these forms is that they were found 
chiefly in scrapings and sections of the wall of the intestine. In the blood 
the parasites were extremely rare, though in some cases there was intense 
infection of the gut, which showed not only free forms, but also numerous 
schizonts. It is far from clear that the forms seen in the blood were 
actually haemogregarines, and the figures of these do not help in deciding 
this point. As regards the intestinal stages, these may equally well be 
developmental forms of coccidia. This seems all the more probable in 
view of the fact that the blood forms were so scanty, while the intestinal 
infection was a very heavy one. The remarks made regarding the sexual 
process in haemogregarines and the presence of “ infective granules,’' 
and the possibility of the latter pointing to a relationship between the 
trypanosomes and haemogregarines of fish, show that the authors have no 
clear conception of these parasites. 
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Hsemogregarines of Land Reptiles. 

A very large number of haemogregarines has been described from 
land reptiles, lizards, snakes, and chelonians. The life-histories of 
these are not known except in the case of some of the parasites of 
lizards {Lacerta), as described by Reichenow, some of which belong to the 
genus SchellacMa, and others to the genus Karyolysus. In the case of 
the former the red blood-corpuscles contain only sporozoites, while in 
the latter they contain gametocytes. Such a difference can only be 
detected when at least something of the life-history is known. At the 
present time, therefore, it is impossible to state whether a hsemogregarine 
of a reptile belongs to the first or second genus, or whether it belongs to 
either. The name Karyolysus was given to the hsemogregarine of species 
of Lacerta (L, agilis, L. mxiralis, L, ocellata) by Labbe (1894) because 
during the growth of the gametocytes within the nucleated red blood- 
corpuscles the nucleus tended to be fragmented. Whether this action 
on the nuclei is associated with a particular cycle of development cannot 
be stated with certainty. It hardly seems probable, so that one may 
expect that the majority of the numerous hsemogregarines of snakes and 
lizards will ultimately be found to belong to this genus. Some of them, 
however, will probably be included in the genus Schellackia, and for others 
new genera may have to be established. The discovery by Laveran 
and Negre of cysts containing sixteen sporozoites in the tick Hyalomma 
(rgyptixnn ( ? //. syriacum) suggests the possibility of some of the ha?mogre- 
garines of land reptiles belonging to the genus Hcemogregarina (see p. 1105). 

In certain cases something is known of the asexual reproduction. 
That of Karyolysus lacertarum was first studied by Labbe, who found 
the encysted schizonts chiefly in the spleen. He noted two kinds of 
schizonts: one in which large merozoites (macromerozoites) are produced, 
and another in which small ones (micromerozoites) are formed. As 
has been pointed out above, the larger forms are probably the true 
merozoites, which again become schizonts, while the small ones are young 
gametocytes which enter the red blood-corpuscles (Fig. 457). Similar 
schizogony forms were seen by Laveran and Pettit (1909c) in the spleen 
and bone marrow of Lacerta ocellata infected with Hcemogregarina curvi- 
rostris Billet, 1904, while the writer (1909) described two distinct kinds of 
schizont in the liver of lizards (Mabuia qxiinquetwniata) infected with 
//. gracilis (Fig. 459). In the case of the last-named parasite the small 
merozoites were very narrow, and appeared in the red blood-corpuscles as 
narrow, elongate hsemogregarines (Plate XIX, 14-15, 1102, and Fig. 459). 
Shortt (1922a-) described the schizogony of two hsemogregarines, which he 
discovered in two Persian lizards, as taking place in the lung. These 
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were procteri of Phyllodactylus elisce (gecko) and H. percomsi of Agama 
nupta (rock lizard). Though in many cases there have been described 
two types of schizogony leading to the formation of macromerozoites and 
micromerozoites, these are by no means so sharply marked off from one 
another as the names imply. The two extremes are connected by many 
intermediate forms. 

The schizogony stages of hseinogregarines of snakes have been described 
by various observers. They were first seen by Lutz (1901), while Laveran 
(1902c) described what were evidently the schizonts of H, serpentium in 
the lungs of the snake, Eunectes mwrinus. Here again there were two 
types of schizont producing large and small merozoites. The schizonts 
of the haBinogregarine of the spitting cobras of the Sudan, 'Naga hajce 
and N, nigricollis, were discovered by the writer (1909) in the lungs> 
while Hartmann and Chagas (1910) observed schizonts of //. serpentium 
and //. lutzi in both the lungs and liver. Foley and Catanei (1925) have 
seen cysts containing from one to ten merozoites in the organs (lung, liver, 
spleen) of the viper {Cerastes cornutus) infected with II. seurati in Algiers. 
The cysts varied in size from 10 by 9 to 30 by 16 microns. The mero- 
zoites were all of one type. 

As regards the transmitting hosts of the hseinogregarines of snakes 
little is known. It is probable that mites or ticks will be found to carry 
the infections. Prowazek (1908) examined specimens of Porocephalus 
moniliformis from the lungs of a python which harboured haemogregarines. 
In the gut of the Porocephalus he found vermicular forms and cysts con- 
taining a mass of cytoplasm with a single nucleus. He considered these 
to be developmental stages of the haomogregarine, and the Porocephalus 
to be its transmitting host. Patton (1908) discovered cysts in P. pattoni, 
a linguatulid found in the lungs of Zamenis mucosus. Each cyst included 
a number of smaller cysts, within which were spindle-like structures 
(sporozoites ?). Patton concluded they were encysted stages of a parasite 
peculiar to the Porocephalus, which had nothing to do with the hauno- 
gregarine. No evidence has yet been produced that the Porocej)halus 
plays the part of a true transmitting host, whatever may be the nature 
of the cysts described. 

Hsemogregarines of Mammals and Birds. 

Haemogregarines of mammals were first made known in 1905, when 
Balfour discovered Hepatozom balfouri of Jaculus gordoni of the Sudan. In 
the same year Laveran saw the parasite (named by him Hcemogregarina 
balfouri) in the J. orientalis of Tunis. These heemogregarines, which are 
included in the genus Hepatozoon, are parasitic in the red blood-corpuscles 
of the jerboas. A number of other similar forms has been described. 
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Haemogregarlnes of the Red Blood-Corpuseles of Mammals. 

Hepatozoon halfouri Laveran, 1905 {H, jaeuli Balfour, 1905); Jaculus orientalis 
(jerboa), Tunis; Jaculus jaculus (jerboa), Sudan. 

II, sp. Bodhain, Pons, Vandenbrandeu and Bequaert, 1913; Jaculus jaculus (jerboa), 
Belgian ("ongo. 

II, gerhilli Christophers, 1905; Gerhillus indieus (gerbil), India. 

II, dasyuri Welsh, Dalyell and Burfitt, 1909; Dasyurus viverrinus (dasyuro), 
Australia. 

II, petauri Welsh and Barling, 1909: Petaurus sciureus (flying opossum), Australia. 
II, peramelis Welsh and Ilalyell, 1910: Pemmeles nnsuta (bandicoot), Australia. 

II, sp. Kleine, 1910: Dendromys insignis (mouse), Tanganyika. 

II, sp. Bodhain, Pons, Vandenbrandon and Bequaert, 1913; Petrodronius tetra- 
d'lciylus (elephant shrew), Belgian Congo. 

II, sp. Bodhain, 1915: Criceiomys gamhianus (giant rat), Belgian Congo. 

II, dideljthydis d'Utra, Silva, and Arantes, 1916: Didelphys didelphys aurita 
(opossum), Brazil. 

In addition to the various species of Hepatozoon occurring in the red 
blood-corpuscles, others inhabit the leucocytes. H, muris was the first 
of these to be described by Balfour (1905) from Batlus norvegicus of the 
Sudan. In the same year //. catns was described from the dog by Bentley 
and James in India. These two forms have a wide distribution, and have 
been observed in many parts of the world. Other species are also known. 

Haemogregarlnes of the Leucocytes of Mammals. 

Hepatozoon muris Balfour, 191)5: Baiius norvegicus (brow’n rat), Sudan. 

~ //. ratti Adio, 1907: Rattus ratfus (black rat), India. 

^ II, innoMum Kusama, Kasai and Kobayashi, 1919: Rattus rattus alexandrinus 
(rat), Japan. 

— //. perniciosum Miller, 190vS: Rattus rattus (white rat), America. 

//. can is Bentley and James, 1905: Can is familiaris (dog), India. 

II, funamhuli Patton, 1906: Funambulus pennantii (palm squirrel), India. 

II, felis Patton, 1908; Felis d4>mesticus (cat), India. 

II, leporis Patton, 1908: Lcpus nigricollis (hare), India. 

II, musculi Porter, 1908: Mus musculus (wdiito mouse), England. 

II, rot undatum Patton, 1910: Canis aureus (jackal), India. 

II. canis adusti, Xuttall, 1910: Canis adust us (jackal). East Africa. 

II. citellicolum Wellman and Wherry, 1 9\i):Otospermophilus beecheyi (ground squirrel ), 
California. 

II. criceti Xoller, 1912: ('ricetus frumentarius (hamster), Austna. 

II. sylvatiel Coles, 1914: Mas {Apodemus) sylvaticus (wood mouse), England. 

II, sp. Kleine, 1910: Mus (Pseudomys) cunninghami (mouse), Tanganyika. 

II. chattoni Leger, 1912: llywna erocuta (hyena), Senegal. 

II. rotundatum var. canis familiaris Martoglio, 1913; Canis familiaris (dog), Eritrea. 
II, plicatam marmot w Martoglio, 1913; Arctomys marmota (marmot), Eritrea. 

II. arvalis Martoglio, 1913; Arvicola {Microtus) art'alis (field vole), Somaliland. 

II. microti Coles, 1914: Microtus agrestis (field vole), England. 

II, pitymysi Splendore, 1918; Pitymys savi (field vole), Italy. 

H, euniculi Sangiorgi, 1914; Oryctologus (Lepus) cunieulus (rabbit), Italy. 
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J7. akodoni Carini and Maciel, 1915: Akodon fuliginosus (vole-mouse), Brazil. 

H, gwtulum Sergent, 1921 : Atlantoxerus gcetulus (ground squirrel), North Africa. 

E. sp. Fantham, 1920: Giraffa (giraffe). South Africa. 

H. sp. Fantham, 1921: Cervicapra arundinum (reed buck). South Africa. 

The development of these haemogregarines, whether they inhabit red 
cells or leucocytes, is very uniform. Schizogony takes place in the internal 
organs (liver, lung, spleen, and bone marrow), and usually in endothelial 
cells of the blood-vessels. In some cases, as in H. balfouri of the jerboa, 
the schizonts appear to be in the glandular cells of the liver. As a rule, 
two main types of schizogony can be distinguished. In one a small 
number of large merozoites is produced, while in the other there is a 
large number of small ones. The former appear to be the true asexual 
forms, which by infection of other cells of the same type lead to further 
multiplication by schizogony. The small forms represent young gameto- 
cytcs, which enter the red blood-corpuscles or leucocytes. Schizonts 
producing a varying number of merozoites of intermediate size also occur. 
The schizonts do not appear in the peripheral blood, so that the forms 
found there arc only gametocytes destined for development in the 
invertebrate. 

The invertebrate cycles of the mammalian hsDmogregarines, wherever 
they are known, agree very closely with those of H, muris and H, canis 
described above (Figs. 453, 455.) After fertilization, the details of which 
are not accurately known, the zygote increases enormously in size in 
the tissues of the invertebrate, and the oocyst produces within it a number 
of sporocysts, in each of which sporozoites are developed. It is probable 
that infection of the vertebrate takes place through the invertebrate 
being eaten by the vertebrate. Sporogony cycles of this kind have been 
studied by Miller (1908) and Kusama, Kasai and Kobayashi (1919) in 
the case of H, muris in the mite, Lcelaps echidninus ; by Christophers 
(1906, 1907a, 1912) and the writer (1911a) for //. canis in the tick, 
Rhipicephalus sanguineus (Fig. 455); and by Christophers (1905) for 
H. gerbilli in the louse, Hcematopinus stepliensi. Noller (1912c) studied 
H. criceti of the hamster (Cricetus frumentarius). It was seen only within 
leucocytes obtained from an abscess of the ear. Mites {Lcelaps echidninus) 
showed cysts (probably sporocysts) containing sixteen sporozoites, and 
these Noller considered to be derived from the haemogregarines. Splendore 
(1918, 1920) found that H, pity^nysi could complete its development in 
three ectoparasites of the field vole {Pitymys savii). These are two fleas 
{Ceratophyllus fasciatus and Typhlopsylla asimilis) and a louse {Hoplo- 
pleura acanthopus). Field voles were readily infected by causing them 
to eat the tissues of the infected arthropods. An attempt was made to 
infect these animals with H. muris by feeding them with infected 
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mites {Lcelaps echidninus) taken from rats (Rattus norvegicus). No 
infection occurred, a fact which lends support to the view that H. pitymysi 
and H, muris are distinct parasites. In the case of //. balfouri of the 
jerboa, Balfour (1906) mentioned the occurrence of spherical cysts 16*4 to 
25*6 microns in diameter in Pulex cleopatrcB taken from infected animals. 
It is possible they were sporocysts of H, balfouri, but no details of their 
structure were given. An examination of mites {Dermanyssus gallince) 
from the animals did not reveal any developmental stages. As regards 
the hsemogregarines of birds, these have been fully discussed above 
(pp. 1042 and 1095). 

Supposed Hsemogregarines of Man, Monkeys, and Ox. 

In this place may be considered certain organisms which have been erroneously 
described as hiemogregarines from man, monkeys, and the ox. 

The first of these to bo regarded as a liaBmogrogarine of man was found by 
Krempf (1917) in smears of spleen puncture material obtained from a young (’hina- 
man suffering from fever associated with splenomegaly. The organism was present 
in very small numbers, and is described as occurring either in red blood-corpuscles 
or free (Fig. 462, 1 - 4 ). It was in the form of an elongate blue-staining structure 
with a central rod-staining granular nucleus. The cytoplasm was vacuolated in 
some of the specimens. The length varied from 6 to 20 microns and the breadth 
Avas F5 microns, the longer individuals being doubled in the form of a loop, as 
occurs commonly in hfemogrogarinos. No developmental stages were found, nor 
was the organism soon in the peripheral blood. The longest forms contained two 
nuclei, and were said to divide by transverse fission. Krempf gave it the name 
U (vniogregarina Imyti i n is. 

The second human ha^inogrogarino was recorded by Roubaud (1919) from the 
blood of a Avoman aaIio AAas about to return to the ('ongo after a stay of four years 
in Paris (Fig. 4t2, 5 - 13 ), A blood-film Avas made, and it was in this single film 
that the organism described AA^as found. Further examinations of the blood on 
the following day revealed nothing abnormal. As in Krempf s case, the organism 
is said to bo either within red blood-coi*i>usclos or free. Looped individuals Avere 
also described. The largo forms measured from 9 to 11 microns in length, Avith a 
breadt h of 2*8 to 3*5 microns. Ron baud describes these forms as liaAdng the classical 
structure, but it must bo admitted that the nuclei do not resemble the nuclei of 
typical Incmogrogarines as they occur in blood-films. Roubaud named the organism 
II, mexpectata (Fig. 462, 5 - 15 ). Lebmuf (1921) claims to have seen the same 
organisms in spleen smears made from a girl suftering from splenomegaly in the 
Belgian Congo. 

The third form Avas discovered by Sergent, Ed. and Et., and Parrot (1922) in the 
blood of a girl in Corsica (Fig. 462, 10 - 24 ). was seen in one thin film, and in 
three thick films made from finger blood during the courso of a malarial survey. 
In the thin film sixteen parasites were found, and of these only two Avere Avdthin 
the rod cells. The authors remark that they resemble atypical hfemogregarinos, 
and propose to name the organism II, elliptica, 

Noc (1922) records as H, galHca certain structures which ho found in small 
numbers in blood-films of a man fifty-nine years of age Avho had lived all his life 
in the neighbourhood of Paris. The patient suffered from a profound anaemia 
of pernicious typo. A microphotograph of the supposed linemogregarino shows 






Fig. 462. — Supposed H.®mogregarines of Man, Monkey, and Ox. (From the 
Tropical Diseases Bulletin, Vol. XX., 1923, after the Respective Authors.) 

1-4. Krerapf’s Hcemogregarina hominis. 5-15. Roubaud’H Hosmogregarhia inexpectala, 
16-24. Sergent's Hcemogregarina elliptic^.. 

2.9-39. Nattau-Ijamer's Hoemogregarinu equcUorialis. 

40-41. Langeron's Hcemogregarina eynomolgi, 42-44. Legras’s Hcemogregarina houni. 

44-47. Martoglio and Carpano’s Hcemogregarina bocia. 
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a sausage-shaped body amongst a group of red cells. It measured 19*8 microns in 
length by 4*5 in breadth. It was bluntly pointed at one end, while the other end 
is described as terminating in a turned-up loop. It contained two bodies described 
as nuclei. At the second examination of the blood two vermicular structures 
measuring 15 by 5 microns were seen. Each contained a chromatic granule. In 
addition were found what are called division forms in the shape of curved merozoites 
measuring 5 to 6 by 1‘5 microns. Two such bodies, or possibly three, were together, 
accompanied by a spherical mass 1*5 microns in diameter described as a residual 
body. The patient died, and it was not possible to have an autopsy. After dis- 
cussing the various “ haBinogregaiines ” which have been noted in man, J^oc con- 
cludes that this one is a new’' species. Roubaud, however, remarks during a dis- 
cussion following the presentation of Noe’s paper that he believes it to be the same 
as the form {II, inexpectata) seen by him. 

Nattan-Larrier (1922, 1923) describes as Hcemogregarina equatorialis certain 
curved bodies which he found in 1906 in the blood of a patient who had recently 
returned from the (’ongo suffering from trypanosomiasis (Fig. 462, 25 - 39 ). The 
bodies w^oro found on only one occasion, and were fairly numerous. They were 
extracellular, resembled a lentil in shape, had rounded ends, and measured on 
an average from 6 to 7'5 by 1*6 to 2*4 microns. The nucleus was central in 
position, had at most a diameter of half that of the x>arasito, and was placed against 
its convex side. In addition some very much smaller bodies, which were regarded 
as possible develo]miental stages of the larger ones, also occurred in the films. 
Nattan-Larrier regards these bodies as similar to II, elliptica of Sergent and Parrot, 
but sufficiently different to justify the new name proposed by him. 

Blanchard and Langeron ( 191 3), during an investigation of the malarial parasite, 
Plasmodium cynomolgi of ,Ma€axus cynomolgus, described certain structures which 
they had found in the blood of an animal which had died of the plasmodial infection 
(Fig. 462, 40 . 41 ). "I’lio description of haeinogiegarines in man by Krempf and 
Roubaud convinced Langeron (1920) that the structures originally described were 
also Inemogrogarines. lie proposed the name Ila^mogregarina hlanchardi, but as 
this was ])rooccupied he (1920fi) substituted the name II. rynomolgi. It has a 
length of 17 to 19 microns and a ])roadth of 5 to 6 microns. The cytoplasm stains 
intensely blue, and there is a central red-staining nuclear area. Some of the forms 
appear to ho free in the plasma. Others are included in w^hat are interpreted to be 
rod l)lood. corpuscles. Legor, M., and Bedier (1922) state that they have found a 
very similar form in a baboon {Papio 8phin.r) in the French Sudan. They name 
the organism, which they consider a ha^mogregarine, Ilirmogregarina cynomolgi var. 
papio. It is remarkable that both the baboon and the monkey which Langeron 
examined were infected wdth Plasmodium Jcochiy so that the possibility of the supposed 
hfCmogregarine being an abnormal form of this parasite has to bo considered. 

The writer (1923) has examined the claims made by the above-mentioned 
observers, and has come to the conclusion that all these supposed lucmogregarines 
are actually vegelable cells of extraneous origin. Though the various structures 
possibly bear some slight resemblance to haemogregarines, their inclusion in this 
group is at present quite uiijustifiablo. No known hasmogregariiie has such long 
vermicular stages as Krempf depicts, and in none of the supposed hfemogregarinos 
is the nuclear structure like that of true h?emogrogarines as seen in blood-lilms. 
Krempf’s statement that certain forms contain tw^o nuclei and divide by transverse 
division is direct evidence against their hajinogregarine nature. Roubaud's parasite 
was soon in only one film, and subsequent blood examinations did not reveal any. 
This is quite contrary to the behaviour of hffimogi'egarines, w hich at any rate persist 
in the blood for some time. The possibility of an extraneous origin has to bo con- 
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sidered, and some of the bodies resemble in many respects large yeasts or vegetable 
organisms like Polytoma uvella, which may contaminate blood-films or the liquids 
used in the staining process, and which, when stained, show a blue cytoplasm and 
bright red nucleus which is quite unlike that of hsemogregarines. The fact that 
the enclosing membrane, supposed to be a red cell, possessed a knob in some 
cases (Fig. 462, lo-ii) rather suggests the sheath of a vegetable organism, for such 
a structure occurs on the membrane of P. uvella. Balfour (1911), in a paper on 
fallacies and puzzles associated with blood work, gives a figure of a blood-film made 
from a cob which had undoubtedly been contaminated with intestinal organisms, 
some of which bear an even more striking resemblance to haBinogregarines than the 
structures which have just been described (Fig. 433, E. 3 ). As to the nature of 
Krempf’s parasite it is difficult to form any opinion, though to conclude from the 
evidence available that it is a haemogregarine is certainly unjustifiable. It is very 
probably a coiled filament of vegetable nature. Similarly, the form described by 
the Sergents and Parrot seems too atypical to be regarded as a hiemogregarine 
without further evidence. The majority of the bodies are admittedly extracellular, 
while the presence of the thickened capsule is quite unlike anything occurring in 
hsBinogregarinos. As the capsule was present in the dehsemoglobiiiized thick films 
it could not bo the remains of the red cell. 

The structures described by Nattan-Larrier as hoemogregarines are certainly not 
organisms of this nature. They are most probably yeasts. Similarly, Noe’s sup- 
posed hsemogregarine is probably not a Protozoon at all, but a vegetable coll. 
Langeron’s parasite of the monkey is .>till more doubtful, and it must bo romombored 
it occurred in an animal which had died of another infection. Like the form 
described by Leger and B 6 dier from the baboon, it probably represents a vegetable 
organism. The writer is convinced, therefore, that hamiogregarines of human 
beings smd monkeys have still to be discovered. It would be oxi)ected that if such 
parasites did occur, they woidd ro^emblo the leucocytic forms so common in mammals 
(dog, rat, etc.), or possibly the rod blood-corpuscle typo soon in the jerboa. 

Mention must also be made of two supposed hairnogrogarines of cattle. The 
first of those was described by Martoglio and (’arpano (1906), and was named Ilwmo- 
gregarina hovis (Fig. 462, 45-47). It occurred as elongate, slightly curved bodies, 
measuring 7 to 10 by 1*6 to 2 microns, which wore found in wot blood-films made 
from an ox. The films were smeared and stained next day, and the bodies appeared 
to have blue cytoplasm and elongate granular red nuclei. Further films made 
froin the animal failed to reveal the parasites. There is little doubt that the bodies 
were contaminating vegetable organisms. Legras (1918) described as Uccmogre- 
garina houm certain ovoid bodies measuring 6*8 to 8*6 by L5 to 2-5 microns 
which occurred in blood-films made from a heifer in Algeria (Fig. 462, 42 - 44 ). The 
cytoi:)lasm was blue, and each })ody contained one or two red-staining areas and 
terminal vacuoles. As in the case of the bodies described by Martoglio and ( ’ary)ano, 
they were extracellular. There is no evidence whatever that they were Protozoa, 
much less hsemogregarines, and it is safe to assume that they were vegetable cells 
which had found their way into the films. 

The writer (1923) pointed out that the large vegetable organisms which occur in 
the faeces of rabbits, when stained in blood-films, boar a resemblance to haemogre- 
garines (Plate III., 3 , p. 394). If some of the faeces containing these organisms be 
mixed with water and allowed to sediment for a few minutes, the vegetable colls 
will remain in the supernatant fluid. A thin film of this fluid is spread on a clean 
slide and allowed to dry. Over this a blood-film is made in the usual manner* 
After staining with Leishman stain, it will be found that the sausage-shaped vegetable 
cells have blue cytoplasm and red nuclei, and afford a demonstration of the manner 
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in which such colls may simulate hgemogregarines and lead to errors in diagnosis 
when blood-films are contaminated. Similarly, other vegetable organisms, when 
they contaminate blood-films, may resemble developmental stages of Sporozoa 
(Plato III., 4 - 6 , p. 394, and Fig. 433). 

Sinton (1925) has found in films of human blood bodies which resemble the 
“ hfernogregarines ” of Roubaud, the Sergents and Parrot, Langoron and Legras. 
He gives good coloured drawings of the organisms, but recognizes their vegetable 
nature, and points out that they probably got into the films from an old supply of 
distilled w^ator used in staining. Ho agrees with the writer that the so-called 
liaBmogregarinos of man are vegetable organisms. 

Sporozoon of Undetermined Genus in Human Spleen. 

Archibald and Susu (1924) discovered what appear to be the schizogony 
stages of a sporozoon in spleen smears of a case of splenomegaly in the 
Sudan. The smears, w^hich the writer had the privilege of examining, 
contained isolated bodies like merozoites, and several clusters of these, 
which are best interpreted as groups of merozoites resulting from schiz- 
ogony (Plate XX., p. 1116). No other stages were found in the films, 
which were made by spleen puncture. It is possible the organism was 
a coccidium, and that the forms in the spleen represented parasites vrhich 
had found their way to this organ from the intestine, which, however, 
was not examined. The possibility of the parasite being a haemogregarine 
has also to be considered, though haemogregarines were not found in the 
peripheral blood, which w^as carefully examined. It is impossible, how- 
ever, from the data available to place the parasite in any genus. 

2. SUB-CLASS: Gregarinina. 

The members of this sub-class are commonly known as gregarines, 
and are found in invertebrate animals and ascidians. They were first seen 
and described by Leon Dufour, who gave them the name Gregarina in 
1828. Von Siebold (1839) gave the name pseudonavicellse to the spores 
which occurred in cysts, and which had previously been seen by Henle 
(1835) in the vesiculsB seminalis of earth-worms. Kolliker (1845 and 1848) 
first recognized that gregarines w^ere unicellular animals, while Stein 
(1848) demonstrated that the pseudonavicellse were derived from them. 
Though various observers studied these parasites, Wolters (1891) was the 
first to give any detailed account of their development. He noted that 
two gregarines became encysted together, but erroneously concluded that 
after the nucleus of each had divided off a reduction body, fusion of the 
gregarines and their nuclei took place. The resulting zygote was then 
supposed to divide up into sporoblasts. Wolters’s account was generally 
accepted till Siedlecki (1899) for Lankesteria ascidice, Cuonot (1901) for 
Monocystis agiliSy and L6ger, L. (1902), for Stylorhynchus longicollis gave 
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correct accounts of the development. These observers showed that the 
two gregarines in each cyst did not unite, as Wolters had stated, but that 
after repeated nuclear divisions each gave rise to a number of gametes 
which united in pairs to form zygotes. Each zygote then became encysted 
to form the characteristic spore. 

A typical gregarine commences its growing or trophic phase as an 
intracellular parasite chiefly of the intestinal epithelium (Fig. 463). After 
a certain period of growth it protrudes from the host cell, and eventually 
leaves it for the lumen of the gut or body cavity, in which it leads a free- 
living existence, moving about more or less actively amongst the contents. 
In this condition it is usually an elongate body, which may attain what 
is an enormous size for a Protozoon. Small forms only 10 microns in 

length occur, but others may 
reach a length of 16 mm. (16,000 
microns), or over ^ inch. The 
body consists of a cuticle, ecto- 
plasm, and endoplasm. The 
cuticle often shows striations 
running in a longitudinal direc- 
tion. The ectoplasm is clear 
and hyaline, but in those 
forms endowed with powers 
of active movement the deeper 
part contains contractile fibres 
or myonemes which form a 
Pig. 463. — Section of Intestine of Meal- distinct layer, the myocyte ^ the 
WoHM (Tenehrio molitor), showing Gke- clear part being “known 

GARiNESiN AND ATTACHED TO Epithelium ® 

AND Free in Lumen (x30()). (After sarcocyte (Fig. -8, A). 

L. Pfeiffer, 1893.) The more liquid endoplasm is 

generally filled with numbers 
of granules of varying size, giving the gregarine a very opaque appear- 
ance. The largest of these may be several microns in diameter, and 
they consist of paraglycogen, a substance allied to glycogen. Within 
the endoplasm lies the large vesicular nucleus, composed of a spherical 
membrane enclosing nuclear sap, a loose network, and one or more large 
karyosomes. 

In a certain small group of gregarines (SCHIZOGREGARINIDA) the free- 
living adult gregarine multiplies by a process of schizogony, producing 
merozoites, which enter other epithelial cells and again grow into adults. 

The great majority of gregarines (EUGREGARINIDA) do not multiply 
asexually by schizogony, but as soon as they are full grown they com- 
mence a sexual reproduction, which terminates in the formation of 
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oocysts and sporozoites. In those cases, therefore, in which schizogony 
does not occur, every gregarine present becomes a gametocyte and is the 
result of growth from a sporozoite. The oocysts produced escape from 
the body of the host, and are taken up casually by another host with 
its food. The sporozoites escape and enter epithelial cells, where they 
become gregarines, as described above, and enter once more on the sexual 
phase, with the production of oocysts. In consequence of this loss of 
asexual reproduction there can be no multiplication of the gregarines in 
any host, and as a result the hosts do not become so intensely infected 
as is the case with coccidia, which reproduce asexually for several genera- 
tions before the sexual phase occurs. In the sexual reproduction of 
the gregarines two free forms, either in the gut or body cavity, come 
together and associate without fusion of their cytoplasm. The two 
become surrounded by a cyst, which may be termed the gametocyst 
(Fig. 4^)4). Within this cyst each gregarine, which is actually a gameto- 
cyte. divides into a number of gametes (often called primary sporoblasts). 



Fig. 464.' - Lauva of Tipula oleracea with Opened Body, showing Numerous 
Gametocysts of a Gregarine on the External Surface of the Intestine 
( xca, r>). (After Li:ger, 1892.) 

The gametes derived from one gregarine then unite with those from 
the other, and give rise to a number of zygotes (secondary sporoblasts). 
These zygotes then become enclosed in secondary cysts, which are usually 
called sporocysts, but which on the terminology adopted for the coccidia 
should be termed oocysts. AVithin these secondary cysts, or oocysts, 
the zygote divides to produce as a rule eight sporozoites. From the two 
gregarines which originally associated there is thus produced a gametocyst 
containing numbers of smaller oocysts, in each of which occur eight sporo- 
zoites. The still intact gametocyts may be passed out of the intestine, or 
it may rupture in the gut and liberate the oocysts. In any case, it is the 
oocyst containing the eight sporozoites which carries the infection from 
one host to another. Theoretically, an animal ingesting one of these 
secondary cysts has liberated into its gut eight sporozoites. These enter 
epithelial cells and become eight gregarines, which can produce four 
couples, and thus four gametocysts, within each of which are formed 
many oocysts. The oocysts are passed out of the body, and unless the 
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animal ingests other oocysts its infection is automatically brought to an 
end. On the other hand, an animal eating a single oocyst of an Eimeria 
also has liberated into its gut eight sporozoites, but these commence to 
reproduce asexually by schizogony, leading to an enormous increase of 
parasites before the sexual phase is initiated. 

Lankesteria culicis (Ross, 1898). — As an illustration of the life-history 
of a gregarine the parasite L, culicis, which is often found in the yellow 
fever mosquito, Aides argenteus {Stegomyia fasciata), may conveniently 
be considered (Figs. 465 and 561). The parasite was first seen by Ross 
(1895) in India, and referred to as Gregarina culicidis in this year, and 
later (J898a) as L. culicis. It was rediscovered by Marchoux, Salimbeni 
and Simond (1903) in South America, and by Bacot (1916) and Macfie 
(1917a) in West Africa. The writer (1911a) studied the gregarine in 
Bagdad, and found that it belonged to the genus Lankesteria, 

The infection is commenced by the larva eating the oocysts which 
have been deposited in the water by adult mosquitoes (Fig. 465, A). 
In the gut of the larva the eight sporozoites which escape enter the 
epithelial cells of the stomach and grow into gregarines, which eventu- 
ally become free and move about amongst the intestinal contents 
(Fig. 465, A-C). When the larva becomes a pupa it ceases to take food, 
and the gregarines leave the gut and enter the Malpighian tubes, within 
which they associate in pairs and produce large gametocysts (Fig. 465, D). 
Within these cysts each gregarine divides into gametes, which conjugate 
in pairs to produce zygotes. These in their turn become encysted in 
oocysts, within whicli each segments into eight sporozoites (Fig. 465, E-L.) 
While this development has been proceeding, the adult mosquito hatches 
from the pupal case. The Malpighian tubes of an infected adult mosquito 
will be found to contain gametocysts filled with oocysts. The gameto- 
cysts then rupture, the oocysts escape into the cavity of the Malpighian 
tubes, and make their way to the intestine, whence they pass into water 
to await ingestion by other larva). 

The gregarine has been recorded from various parts of the world, and 
will probably be found to occur wherever the particular mosquito is found. 

A. Escape of eight Hporozoiten from oocyst and infection oi the intestinal cells of mosquito 

larva. 

B. Growth of young gregarine till it protrudes from the cell though remaining attached. 

C. Gregarint^ which has become free in lumen of intestine, whence it migmtes to the 

Malpighian tulx's. li. Association of two gregarines in Malpighitin tubes. 

E*G. Associated gregarines in gametocyst showing nuclear multiplication. 

H. Nuclear multiplication completed and gamete nuclei arranged on surface of bod}" and 

vacuoles whicli have formed. 

I. Commencing formation of gametes by budding pwcess. 

J. Gametes have been formed and a large residual body has been left over. 

K. Conjugation of gametes, which are of two kinds as regards the size of their nuclei. 

h. The zygotes have become elongated and encysted in owysts in which nuclear multiplication 

to form eight nuclei and division of the cytoplasm into eight sporozoites is taking place. 

72 


II. 
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In any locality there are special breeding places which are infected. The 
writer noted that a high percentage of the larvae from a particular well 
in Bagdad was infected, while in another similar well the parasites were 
not to be found. This is probably dependent upon the fact that the 
mosquitoes do not travel far, and return to the water from which they 
were hatched to lay their eggs and die. 

As already explained, the infection is initiated by the larval mosquito 
ingesting an oocyst which has been deposited in the water by an adult 
mosquito. Within the gut the oocyst ruptures, and the eight sporozoites 
escape and penetrate the epithelial cells of the intestine, where they 
become more or less spherical intracellular parasites. This process has 
not actually been observed in the case of L. culicis, but has been seen to 
happen in the case of other similar gregarines. Within the epithelium the 
gregarine increases in size, and at the same time expands and destroys 
the cell in which it lives. It becomes an elongate body with a large 
central nucleus. It lies in a vacuole in the enlarged cell, and at one end 
has an organ (epimerite) by means of which it remains attached at one 
point to the cytoplasm of the cell. From this organ of attachment, which 
is much more highly developed and complicated in some other gregarines, 
there radiate through the body of the gregarine certain fibres which are 
possibly contractile and of the nature of myonemes. Eventually the 
gregarine becomes so large that the cell ruptures, and it hangs into the 
gut lumen still attached, however, to the degenerate remains of its host 
cell. These fully-grown forms are usually about 50 microns in length, 
though Ross, who first discovered this gregarine in India, mentions 
200 microns as the maximum. The full-grown gregarine remains attached 
to the gut wall for some time, and then falls into the gut lumen, where it 
moves about amongst the contents. These movements, which result 
from the contractions of the myonemes in the inner layer of the ectoplasm, 
are of three kinds. The gregarine may bend and then straighten itself; 
it may produce constrictions, which pass in peristaltic waves from one 
end of its body to the other, or it may progress through the medium in 
which it lives without any apparent movement of contraction, much 
as a slug glides over the surface of any object. These free-living forms, 
about 50 microns in length, have a granular cytoplasm, while at the 
anterior end the remains of the organ of fixation or epimerite can be 
detected. At the centre of the body is the large spherical nucleus. It 
has a nuclear membrane, within which is a space filled with fluid traversed 
by a linin network. Usually there is a single large karyosome, which in 
stained specimens may be seen to possess one or more vacuoles. Some- 
times several karyosomes are present. Nearly all the chromatin material 
of the nucleus is contained within the karyosome, but there are some fine 
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granules distributed upon the nuclear membrane and upon the linin 
network. 

The next stage in the life-history of i. culicis is initiated by the pupa- 
tion of the larva. When this occurs, the gregarines actively migrate 
from the gut to the Malpighian tubes. They pass into these and associate 
in pairs, each pair surrounding itself with a gametocyst, which is a delicate 
transparent membrane. There may be as many as a dozen such cysts 
in a single Malpighian tube, which is dilated by their presence, while the 
cells are distorted. The gregarines, when they unite in pairs, become 
attached to one another by their extreme anterior ends, the remains of 
the organs of fixation which previously served to attach them to the 
gut epithelium now serving to attach them to one another. The 
two gregarines then by contraction form a mass which is more or less 
spherical, so that the gametocyst is also spherical. In sections of a 
Malpighian tube at this stage the spherical cysts can be seen enclosing 
two gregarines. The original point of attachment of the gregarines stains 
deeply, and often resembles a nucleus. In each gregarine there is at first 
a single nucleus, which commences to change in character soon after 
formation of the gametocyst. This process has been more fully studied in 
the case of other gregarines, but there are indications that similar changes 
take place in the case of L. culicis. The nuclear membrane gradually dis- 
appears, and the karyosome, which has become vacuolated, fragments. 
Two centrosomes appear in the neighbourhood of the nucleus, and there 
is formed between them a spindle — the first nuclear spindle — upon the 
fibres of which becomes arranged in the form of chromosomes some of the 
chromatin material of the nucleus. The bulk of the chromatin contained 
in the karyosome appears to be unused, and ultimately degenerates and 
disappears with the karyosome. As a result of this division there are 
formed two nuclei, each of which proceeds to divide again by a similar 
process of mitosis. In this way, by repeated mitotic divisions, the number 
of nuclei in each gregarine is increased. The successive divisions of the 
nuclei in each gregarine take place simultaneously, so that the number 
of nuclei in the two gregarines at any moment is the same. Finally, 
nuclear multiplication comes to an end, when each gregarine may contain 
some hundreds of nuclei. The details of the nu^ear divisions and the 
behaviour of the chromosomes have not been followed in L. culicis, but 
in other gregarines, as explained above, very interesting changes have 
been found to take place (pp. 91 and 108). 

When nuclear multiplication has ceased the nuclei pass to the surface 
of the gregarine, and there are formed small protoplasmic elevations or 
buds, into each of which passes one of the nuclei. The small elevations are 
then separated from the gregarines and become the gametes. W^hen the 
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number of the nuclei is large, there may not be sufficient surface accom- 
modation for all. Accordingly, it frequently happens that a number of 
large vacuoles appear in the cytoplasm, and upon the surface of these 
vacuoles many of the nuclei take up a position, with the result that gametes 
are budded off into the vacuoles. Gamete formation occurs in the two 
gregarines at the same time. When it is complete there is left over from 
each gregarine a mass of cytoplasm, the residual body, which contains a 
number of unused nuclei and the remains of the karyosome of the original 
gregarine nucleus. The residual mass gradually disintegrates. In the case 
of L, culicis the gametes produced by the two gregarines are of the same 
size, but they differ as regards their nuclei. The gametes produced by one 
of the gregarines have large nuclei and are to be distinguished as female 
gametes, the gregarine producing them being a female gametocyte. The 
gametes with smaller nuclei are male gametes, and are produced by the 
other gregarine, which is a male gametocyte. Within the gametocyst the 
gametes conjugate in pairs, and during the process each gamete develops 
a conical elevation on the side of the body near which the nucleus lies. 
The gametes apparently become attached to one another by this elevation, 
and when complete fusion of cytoplasm has taken place the nuclei unite. 
The zygote thus formed becomes slightly elongated and develops a cyst 
wall or oocyst, which is spindle-shaped. The single nucleus of the zygote, 
by repeated divisions, gives rise to eight nuclei, which arrange themselves 
at the equator of the zygote. The zygote then splits longitudinally into 
eight sporozoites and a central mass of residual cytoplasm, round which 
the sporozoites lie. It is probable that the first nuclear division in the 
zygote is a reducing division (Fig. 65). 

It is at about this stage that the adult mosquito emerges from tlie 
pupal case. The gametocyst ruptures, and the oocysts are shed into the 
lumen of the Malpighian tube and make their way to the intestine of the 
mosquito, from which they escape in the faeces into the water in which 
newly-hatched larvae of the mosquito are living. They are eaten by the 
larvae, as explained above. The oocysts are very resistant and capable 
of withstanding prolonged desiccation. On one occasion eggs of the 
mosquito collected in West Africa by Dr. Connal were sent to England 
on dried leaves. These were placed in water and quickly gave rise to a 
brood of larvae. It was found by Stevenson and the writer (1915) that 
the mosquitoes which developed were infected with L. culicis. It was 
evident that the oocysts had been transported on the dry leaves, and 
had infected the larvae hatching from the dried eggs. 
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SUB-DIVISION OF THE GREGARININA. 

As already indicated, the sub-class Gregarinina is divisible into two 
orders, one of which is a small group (SCHIZOGREGARINIDA), comprising 
forms which reproduce asexually by schizogony, and the other, a very 
large group (EUGREGARINIDA), which includes the typical gregarines, 
which have no method of asexual reproduction, and have a life-cycle very 
similar to that of Lanhesteria culicis. 


A. Order: SCHIZOGREGARINIDA. 

The members of this order are chiefly intestinal parasites of arthropods, 
annelid worms, and tunicates (Fig. 466). They vary very greatly in size, 



Fig. 466. — Species of Ophryocysiis, showing Attachment Processes (x 2,000). 

(After L6ger, 1907.) 

A. ITninut l'atod individual of O. caulUryi just after its detachment from the wall of the Mal- 

pighian tube of Srauru^ tristtJi 

B. Two ^amctocytes of 0. schneideri attached to epithelium of Malpighian tube of Blaps mivjica. 


for members of the genus Porospora are amongst the largest gregarines 
known, reaching a centimetre or more in length, while those of the genus 
Lipotropha are actually the smallest gregarines recorded. In some cases 
schizogony takes place within cells, w^hile in others it is extracellular. 
Sporogony is of the typical gregarine type. Two gregarines associate and 
give rise to gametes, which conjugate to produce zygotes. The latter 
form oocysts, each of w^hich contains a number of sporozoites. The 
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number of oocysts produced by each pair of associated gregarines varies 
from one to thirty, while the number of sporozoites in each oocyst varies 
from one to eight (Fig. 467). 

The Schizogregarinida have been classified in various ways. L6ger 
and Duboscq (1908) divided them into Polysporidea and Monosporidea, 
according to the number of oocysts produced by each pair of associated 
gregarines, while Fantham (1908) recognized two groups, the Ectoschiza 



Fig. 467 . — Ophryocystis mesnili Parasitic in Malpighian Tubes of the Meal- 
Worm, Tenehrio moliior (x 2 , 000 ). (After L^ger, 1907 .) 


A. Two associated gametocytes. B. First nuclear division. 

C. Gametocytes, each with two nuclei, one of which divides again. 

1). Gametocytes, each with three nuclei, two of which degenerate, while one is a gamete 
nucleus. E. Formation of one gamete in each gametuc^. 

F. Zygote resulting from union of gametes. 

G. Oocyst, with included zygote, showing first nuclear division. 

H. Mature oocyst with eight sporozoites. 


and Endoschiza, which differ as regards the extracellular or intracellular 
schizogony. Keilin (1923a) points out that neither of these systems is a 
natural one, and that it is not impossible that the process of schizogony 
has been secondarily acquired by different members of the Eugregarinida. 
and that the various genera of the Schizogregarinida will be distributed 
ultimately amongst the families of the Eugregarinida. This view was 
upheld by Mesnil (1899), but L4ger, L. (1909), expressed the opinion that 
the group is a homogeneous one of monophyletic origin. In view of this 
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uncertainty, Keilin (1923a) does not attempt to subdivide the order, but 
merely recognizes a number of genera as follows. It must be admitted, 
however, that it is very doubtful if schizogony occurs in Porospora and 
Spirocystis, 

Genua: Ophryocystis A. Schneider, 1884. — The gregarine phase is 
represented by conical parasites attached by their bases to the surface 
of cells by pseudopodial processes. The two associated gregarines produce 
a single oocyst containing eight sporozoites. There are nine species which 
occur in the Malpighian tubes of Coleoptera. 

Genua: Schizocystis L6ger, 1900. — The gregarine phase is vermicular, 
and two associated gregarines give rise to a large number (about thirty) 
of oocysts, each with eight sporozoites. There are two species which are 
parasitic in the intestine of dipterous larvae. 

Genua: Caulleryella Keilin, 1914. — The gregarine phase is repre- 
sented by ovoid parasites attached to the epithelium. The two associated 
gregarines give rise to eight oocysts, each with eight sporozoites. There 
are four species which are parasitic in the intestine of dipterous larvae. 

Genua: Lipotropha Keilin, 1923. — During the whole life-cycle the 
parasite, which is the smallest known gregarine, is intracellular in the fat 
body. The active gregarine phase is either completely suppressed or 
reduced to a short period of life in the perivascular fluid. The two 
associated gregarines give rise to sixteen oocysts, each with eight sporo- 
zoites. There are two species parasitic in the fat body of diptera. 

Genua: Menzbieria Bogoyavlensky, 1922. — The parasite is intra- 
cellular or extracellular, there being tw’o kinds of schizogony. The tw^o 
associated gregarines give rise to a large number of oocysts, each of which 
has eight sporozoites. There is one species parasitic in the intestine of 
an acarine {Hydrachna), 

Genus: Porospora A. Schneider, 1875. — The members of this genus are 
peculiar in that schizogony occurs in decapod Crustacea and sporogony 
in laniellibranch Mollusca. There are six species. 

Genua: Spirocystis L4ger and Duboscq, 1915. — The single species is 
parasitic in the body cavity cells, and the growing phase is peculiar in 
being spirally coiled. Two gregarines do not associate, but those of one 
type give rise to elongate male gametes, and those of another to ovoid 
or spherical female gametes. These conjugate, and the zygote gives rise 
to a single oocyst containing only one sporozoite. There is one species 
parasitic in Lumbricus variegatus. 

Genua: Selenidium Qiard, 1884. — Schizogony takes place within the 
intestinal epithelium. The merozoites grow" into elongate gregarines, 
which associate in pairs in the lumen of the intestine. Within each 
gametocyst are produced a number of oocysts, each of w"hich contains 
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four sporozoites. There are several species which are parasitic in marine 
polychscte worms and Gephyrea, 

Oenus: Merogregarina Porter, 1908. — Schizogony occurs within the 
cells of the intestine. The adult gregarine is attached to the cells by an 
epimerite. Two gregarines associate and give rise to a single oocyst, 
which contains eight sporozoites. There is a single species parasitic in the 
intestine of an ascidian. 

These various genera have been placed in a number of families, but, 
as Keilin (1923) points out, as each genus requires a separate family it 
appears quite unnecessary to recognize these at present, as the definitions 
of such families are merely those of the genera themselves. 

SYSTEMATIC DESCRIPTION OF GENERA. 

Qenus: Ophryocystis A. Schneider, 1884. 

The members of this genus are parasites of the Malpighian tubes of 
beetles (Figs. 466-468). The eight sporozoites liberated from the 
ingested oocyst attach themselves to the surface of the cells forming the 
Malpighian tubes. Here, on the surface of the cell and projecting into 
the lumen of the tube, each sporozoite grows and becomes a multinucleate 
adult. It then segments into a number of merozoites, which again attach 
themselves to the cells and grow into adults, as did the sporozoites in 
the first instance (Fig. 468, 1-5). After several repetitions of this process 
there are produced schizonts containing a small number of nuclei, and 
these segment, not into merozoites, but into forms which will associate in 
pairs after the manner of the typical gregarines. The products of this last 
schizogony are therefore gametocytes, like the adult gregarines amongst 
the Eugregarinida, and associating in pairs they become encysted in 
gametocysts (Fig. 468, 6-10). Within each gametocyte only three nuclei 
are produced, and of these only one is used to form the nucleus of a single 
gamete. Within the gametocyst each gregarine or gametocyte, instead 
of producing a large number of gametes, produces only one. The two 
solitary gametes conjugate and become encysted in a spindle-shaped 
oocyst, as in the Eugregarinida. Within the oocyst are formed eight 
sporozoites. The single oocyst escapes from the body, and leads to the 
infection of a new host in the usual manner (Figs. 467 and 468, 11-16). 

Oenus: Schizocystis L6ger, 1900. 

This genus was established by Leger, L. (1900a, 1909), for a parasite 
to which he gave the name Schizocystis gregarinoides. It is an intestinal 
parasite of larvae of the midge, Ceratopogon solstitialis. The infection of 
the gut of the larva is commenced by sporozoites which escape from 
the ingested oocysts (Fig. 469). Each sporozoite then attaches itself 
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to the gut epithelium and develops into an elongate vermicular body, 
sometimes 150 microns in length, fixed to the gut wall at one end 
only. The single nucleus multiplies, and finally by schizogony there are 



Fig. 468. - -Diagram of Life-Cycle of Ophryocystis hessei Parasitic ix the 
Malpighian Tubes of Omophlus brevicollis ( xca. 1,000). (After Leger, 1907.) 

1. .S|)t)rozt)itA‘, attached to epitlidium. 2-3. Growing forms with nuclei multiplying. 

4. Schizogony into numerous meroziutes. 

T) M(‘rozoit4» attached to epithelium. It may again grow into a schizont of the usual type. 

0-7 The merozoite may grow and divide into a small numlxu* of gametoc\^e> 

8. Single gametocyU* attached to epithelium. 

9. Gametoeyte Wcoming ixmnded ])rior to association M ith another gametocyto. 

10. Association of two gametocytes. 

11 Formation of gametooy.>'t round two gametocytes and first nuclear division. 

12. One of the two nuclei divides again, forming three nuclei, one of which is the gamete nucleu.s. 

13. Fonnation of single gamete in each gametoeyte. 

14. Zygote? re.Hulting from union of tw'o gametes. 

16. Oocyst formed round zygote, the nucleus of which has divided to form four nuclei. 

16. Mature oocyst with eight sporozoites, one of which has escaped, 

produced numbers of merozoites which again attach themselves to the 
gut epithelium and become schizonts. Finally, the merozoites, instead 
of becoming schizonts, develop without nuclear multiplication into 
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gametocytes, which, like true gregarines, associate in pairs and become 
enclosed in gametocysts. Within the cyst, each produces a number of 
gametes, as in the Eugregarinida. The gametes conjugate in pairs and 



Fig. 469.— -Diagram of Life-Cycle orSchizoeyMs gregarinoides'Ltaisjx, 1909. Para- 
sitic IN Intestine of Larvje of Ceratopogon ( x ea, 1,000). (After L^ger, 1909.) 

1. Sporozoite escaping from oocyst in intestine becomes fixed to e;)ithelium. 

2-4. Growth into adult schizonts, which are either elongate and attache d to epithelium , or globular 
and unattached. During growth nuclear multiplication takes place. 

5. Schizogony with formation of numerous merozoites. 

6. Merozoites again become schizonts. 7- Merozoites become gametocytes. 

8. Gametocytes associating. 9. Encystment of associated gametocytes in a gametocyst. 

10. Nuclear multiplication in gametocytes. 

11. Gamete formation; one gametocyte gives rise to spherical female gametes and the other 

to pointed male gametes. 12. Conjugation of gametes. 

13. Zygotes encysted in spindle-shaped oocysts. 1^. Oocyst with eight sporozoites. 

form a number of typical spindle-shaped oocysts containing eight sporo- 
zoites. The oocysts escape in the faeces, and are taken up accidentally in 
the food by another host. 

Another species which was described by Keilin (1923) as Schizocystis 
legeri occurs in the intestine of Systenus adpropinquans and 8, scholiziiy 
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which live in decomposing sap or wood pulp in holes in elms and horse- 
chestnuts. Apart from differences in size of the oocysts and sporocysts, 
this form can be distinguished from Schizocystis gregarinoides by the fact 
that the elongate vermicular schizont has a small protomerite separated 
from a longer deutomerite by a septum. 


Genus: Caulleryella Keilin, 1914. 

This genus was founded by Keilin (1914) for a parasite (C. aphiochcetce) 
which inhabits the intestine of the dipterous larva {Aphiochceta rujipes). 



Fi(}. 470. — Life-Cycle of CaiiUenfeUa pipietitis Parasitic ix Ctdex pipiens 
(xc/(. 750). (After Breslau axd Busciikiel, 1910.) 

1-0. Schizogony cycle, 1 show.s an intestinal cell with several attached gregarines. 

7-10. Association of two gregarines in gametocyst and fonnation of gametes, 
ll. Union of gametes. 

12-1.3, Development of oocysts and formation of .«i|x)rozoites. 

14. Oocyst with eight sporozoites. 

There are four species which occur in the larvae of mosquitoes: C. awo- 
phelis in Anopheles bifurcatus recorded by Hesse (1918), C, annulatce in 
Theobaldia annulata and C. pipientis in Culex pipiens by Bresslau and 
Buschkiel (1919), and C, maligna by Godoy and Pinto (1922) in CelUa 
allopha of Brazil. 

The life-histories of these parasites are very similar to that of Schizo- 
cystis gregarinoides described above. They differ, however, in that the 
adult gregarines do not have the elongate vermicular form, but are more 
or less globular, and possess a process by which they are attached to the 
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intestinal cells (Fig. 470). The sporozoites liberated from the oocysts, 
ingested by the larvsB, escape from the cyst and attach themselves to 
the cells, in which position they grow into the adult forms. In each of 
these nuclear multiplication takes place, followed by segmentation into a 
number of merozoites, which again attach themselves to cells and grow into 
adults. Finally, two adults associate, withdraw their attachment organs, 
and surround themselves with a gametocyst. Within this each produces 
a number of gametes, which conjugate in pairs to produce zygotes. 
Oocysts are formed to the number of eight, and within each eight sporo- 
zoites are developed. By rupture of the gametocyst, the oocysts are 
liberated and escape into the water with the faeces of the larvae, where 
they are eaten by other larvae. When the larvae pupate the infection 
dies out, so that the adult mosquitoes are not infected. 

Oenus: Lipotropha Keilin, 1923. 

Of this genus, which was founded by Keilin (1923a), there are two 
species, both of which are parasitic in the fat body of larvae of the dipterous 
genus Systenus, They are peculiar in that the w'hole life-cycle is passed in 
the cells of this structure, and in being the smallest of known gregarines 
(Fig. 471). The merozoites become free in the haemocele fluid, and develop 
into long vermicules measuring 28 by 1 to 1*2 microns. These asso- 
ciate in pairs in gametocysts, and each gives rise to sixteen gametes. 
The gametes unite in pairs and the sixteen zygotes become oocysts, in 
each of which are eight sporozoites. One species {L, macrospora) has 
oocysts measuring 13*5 by 3 microns, and the other (L. microspora) 
smaller oocysts which measure 8 by 3 microns. In infected larvae the 
fat body is riddled with parasites in all stages of development. 

Genus: Menzbieria Bogoyavlensky, 1922. 

The single species (M, hydrachnce) of this genus, which was founded 
by Bogoyavlensky (1922), is a common parasite of the intestine of an 
acarine of the genus Hydrachna, Reproduction by schizogony is described 
as taking place in two ways. In the one it is intracellular and clusters of 

1. A small portion of the fat body: a and 6, young trophozoites; c, more advanced tropho- 
zoites; d, schizont; c, gametocytes ; /, two associaU^d gregarines; nuclear multiplica- 
tion in associated gregarines; A, gametocyst with spherical sporoblasts (gametes ?); 

gametocysts with more advanced sporoblasts (zygotes ?); k, gametocysts with oocysts; 

I, oocysts free in the fat body; N, nuclei of fat cells. 

2-4. Stages in schizogony. 5. Small group of merozoites. 

6. Three stages in development of elongate gregarino phase from merozoite. 

7-11. Leucocytes of host containing various stages of the parasite: N, nucleus of leucocytes; 
S, oocysts; p, various other stages. 

12. Abnormal condition of three associated gregarines. 

13. Longitudinal section of oocyst, showing eight nuclei of sporozoites and terminal basophile 

granules. 
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elongate merozoitee are produced, while in the other it is extracellular 
and the merozoites are amoeboid. It is supposed that the latter have to do 
with a parthenogenetic process. Sporogony 
is of the typical gregarine type, two associated 
gregarines encysting in a gametocyst in which 
a large number of oocysts, each with eight 
sporozoites, is produced. 










Fig. 472. — Porospora portunidarum of the 
Snail and Crab ( x 1,500). (After LIiger 
AND Duboscq, 1913.) 

a. Oocyst containing one sporozoit<* from the snail, 
Cardium edule. 

h. Escape of sporozoite from oocyst in intestine of crab. 
c. Sporozoites attached to epithelium of crab’s 
intestine. 

d-c. Development of young gregarines. 

/. T^o young gregarines in syzygy. 


ii 


Fig. 473 . — Porospora gigantea 
OP THE Lobster ( x m, 20): 
Three Individuals in 
S yzYGY. (After LIger, 
1892.) 
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Qenua: Porospora A. Schneider, 1875. 

The best-known member of this genus is P. portunidarum, which 
was studied by Leger and Duboscq (1913, 1913a). These observers were 
able to prove experimentally that an alternation of hosts occurred between 
crabs of the genus Portunus and the mollusc Cardium edule (Fig. 472). 
The mature oocysts occur in the blood-vessels of the gills of the crab. 
Each has a thick double wall, and contains a single sporozoite, which 
eventually escapes through a micropyle when the oocyst enters the intes- 
tine of the crab when it feeds on the mollusc. The escaped merozoite 
increases in size, and finally attaches itself to the intestinal epithelium, 
where it develops into a typical large gregarine with definite protomerite 
and deutomerite. Eventually two gregarines associate and become 
encysted in a gametocyst. The enclosed gregarines become multinucleated 
and produce a number of separate cytoplasmic bodies (gymnospore), 
each with a number of superficially arranged nuclei, which presumably 
become the gamete nuclei. Conjugation of gametes does not appear to 
take place in the crab. The gametocysts are passed in the faeces of the 
crab and are taken up by the molluscs, in which, it is supposed, con- 
jugation occurs and the thick- walled oocysts are produced. 

The life-history of P, gigantea, which is a large gregarine found in 
the intestine of the lobster, appears to be very similar as far as it is known 
(Fig. 473). L4ger and Duboscq (19096) noted the formation of the 
gametocysts in the lobster, and the formation of gametes on separate 
bodies (gymnospores) into which the gregarines segmented. Very fre- 
quently a gametocyst was formed round a single gregarine, in which case 
it may be supposed that the gametes in the cyst are of one sex, and that 
they will conjugate with gametes produced in another cyst. 

Whether reproduction by schizogony takes place or not has yet to be 
finally determined. If it does not occur, then the genus should be included 
in the order Eugregarinida. 

Genus: Spirocystis L^ger and Duboscq, 1915. 

The single representative of this genus, S. nidula, is parasitic in the 
cells of the body cavity of Lumbriculus variegatus (Fig. 474). The growing 
phase is intracellular, and there is produced an elongate adult which is 
coiled like a flat spiralled shell. One end of the body is tapering. Nuclear 
division, followed by the production of numerous merozoites, is described, 
but it is doubtful if these can again develop into schizonts. It appears 
probable that they become directly transformed into gametes, those 
derived from one gregarine becoming narrow^, spindle-formed male gametes, 
and those from another, oval or spherical female gametes. Conjugation 
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takes place in the body cavity, and the zygote becomes enclosed in a thick- 
walled oocyst, within which a single sporozoite is formed. If this cycle 
has been correctly interpreted, it means that schizogony does not occur, 
and that a condition has been reached in which the gametocyst is dis- 
pensed with, each gregarine, while free, producing gametes which make 
their way to each other in the body cavity of the host. Like the pre- 
ceding genus, it is possible that this one should not be grouped with the 
Schizogregarinida. 



Fig. 474. — Sporocysih nidula in Lumhriculus. (After L^ger and Duboscq, 

1915.) 

A. Schizont with one nucleus ( x 1,150). 

B. Mature multinuclcated schizont ( x 1 ,150). 

C. Associated microgaraete and macrogamctc (x 1,150). 

D. possible union of microgametc and macrogaraete ( x 1,000). 

E. Spore (? oocyst) ( x 750). 

Genus: Selenidium Giard, 1884. 

The numerous members of this genus, which was founded by Giard 
(1884), are chiefly found in the intestine of marine worms. One species 
occurs in a gephyrean {Phascolosoma). The adult gregarines are elongate 
vermicules, which are often very narrow and provided with conspicuous 
longitudinal markings. The schizogony of S, caulleryi was studied by 
Brasil (1907) in Protula tubularia (Fig. 475). It resembles that of the 
coccidia, and occurs in the intestinal cells, a large number of sickle- 
shaped merozoites being produced. The sporogony cycle is not known in 
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Fig. 475. —Stages in Development of Selenidium cauUenji Parasitic in the 
Intestine of the Serpuliu, Frotula tuhularia, (After Brasil, 1907.) 


1. Young intrai fUular schizont ( x (>20). 2. Older intracellular schizont ( x 620). 

3, Multinuclear schizont ( x 880) 4. Mature schizont with merozoites (x 730). 

5. Three young gametocytes in adjacent cells (x 6(i0). 

6. Adult gametocyte fit*e in lumen of intestine ( x 520). 

7. Section of intestinal wall, showing destruction of epithelium by a group of parasites ( x 145). 



Pig. 476. — Stages in the Development of Selenidium echinatum in the Intes- 
tine OF THE Marine Worm, Dodecaceria coneharum. (After Caullery 
AND Mesnil, 1899.) 

1. Free grt>garine. showing longitudinal ridges resulting fn>m myonemes ( x 300). 

2. Two associated gregarines ( x 3(K)). 3. Gaffi''tt>cyst filled with oocysts ( x 450). 

4. Surface view of an oocyst ( x 850). 5. Oocyst w’ith undivided zygote ( x 850). 

0-7. Oocysts with four sporozoites ( x 850). 8. Free 8pon>zoite.s { x 850). 

n. 


7:1 
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the majority of species. It was described for S. echinatum of Dodecaceria 
concharum by Caullery and Mesnil (1899). Two gregarines associate and 
form a gametocyst, within which numerous gametes are produced (Fig. 476). 
These conjugate, and the zygotes so formed become spherical oocysts, 
each of which develops four sporozoites. Whether the other species 
produce oocysts of this type is not known, for they have only been seen 
in S. echinatum. 

Genus: Merogregarina Porter, 1908. 

There is but one species, M, amaroucii Porter, 1908. It occurs as an 
intestinal parasite of ascidians of the genus Amaroucium, In its cycle of 
development described by Porter (1908, 1909) it agrees with the species of 
Ophryocystis, from which it differs, however, in that the growing gregarine 
is an ovoid body attached to the cells by an epimerite. Schizogony is 
described as taking place within the cells of the gut, so that the gregarine 
must penetrate the cell before doing this. The oocyst is of the typical 
gregarine type, and encloses eight sporozoites, and it is supposed that only 
a single oocyst is produced from each pair of associated gregarines. 

B. Order: EUGREGARINIDA. 

The members of this order have a very uniform developmental cycle, 
which follows closely that of Lankesteria culicis. There is no asexual 
reproduction, the gregarines developing from the sporozoites being in 
reality gametocytes, which associate in pairs within a gametocyst. The 
adult forms are either like those described for L, culicis, in which the 
body is a single unsegmented mass of cytoplasm (Acephallnidea Kolliker, 
1848), or the body is divided into two portions by a septum of the ecto- 
plasm (Cephalinidea Delage, 1896) (Pigs. 477 and 478). In the latter case 
the anterior portion is called the protomerite, and the posterior one, 
which contains the nucleus, the deutomerite. An attachment organ, the 
epimerite, which may be elaborately constructed, is present at the anterior 
end of the protomerite (Figs. 481 and 487). 

The subdivision into families of the sub-orders Acephalinidea and 
Cephalinidea is based on various modifications which involve the shape of 
the adult gregarines, the character of the epimerite, the type of the game- 
tocysts and oocysts, and other features, which may be briefly described. 

In the Acephalinidea, the sporozoite emerging from the ingested 
oocyst penetrates the cell completely, and commences growth as an 
intracellular parasite. Eventually it becomes too large for the cell which 
is ruptured, the gregarine then protruding, though remaining attached 
to the remains of the cell. The majority of the acephaline gregarines 
are parasites of the body cavity. In the case of the Cephalinidea, the 
sporozoite, instead of entering the cell, as it frequently does, may become 
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attached to its surface by its anterior end. As it increases in size it 
leaves the cell if it has entered it, and develops the complicated epimerite, 
which may be in the form of a long filament which passes into the cell, 



Fig. 477. — ^Acepiialine (tRegarines, Monocystis 


a group of anchoring fila- 
ments arising from a flat- 
tened disc which is applied 
to the surface of the cell, a 
kind of rostrum provided 



Fig. 478. — Cephaltne Grk- 
GARINE, Gregarinn hlattarum , 
F'ROM THE Intestine of the 


agilis and Monocystis magnoy in Film of Cockroach, showing Two 


Contents of Vesicula Seminalis of Earth- Gregartnes in Syzygy 


Worm ( x 100). (Original.) 


( X 2 50 ). ( Original. ) 


with recurved hooks not unlike the head of a tape- worm or a sucker. The 
body in most cases becomes divided by a septum, as described above, into 
a protomerite and a deutomerite. It is in the latter segment that the 
large vesicular nucleus lies (Fig. 478). In the family DoliocystidcB there 
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is a simple type of epimerite, and there is no division into protomerite 
and deutomerite. These forms may be regarded as a connecting link 
between the cephaline and acephaline gregarines, 

Gregarines commencing their growth as sporozoites in an epithelial 
cell of the intestine, instead of ultimately becoming free gregarines in the 
lumen of the gut, may pass in an opposite direction and enter the body 
cavity, where association and encystment occur. In such cases they 
are spoken of as cceloniic gregafines (Fig. 464). In some cases the sporo- 
zoites, after liberation from the oocyst, instead of entering a cell of the 
gut epithelium, make their way to more distant parts of the body. The 
common earth-worm is frequently infected with such gregarines (various 
species of Monocystis), the sporozoites of which, after their escape in the 



Fig. 479. — Gametocyst of Gregarina cuneata of the Meal-Worm, showing 
Oocysts escaping from the Ducts ( xca. 150). (After Kuschakewitscii, 1907.) 

gut from the oocyst ingested by the worm, wander to the testis, the sperm 
mother cells of which are infected (Fig. 484). 

Variations occur also in the method of formation of the gametocyst. 
In many of the cephaline gregarines, special ducts are formed to allow of 
the escape of the oocysts. There may be only two or three ducts, or 
many may be present, and they are formed within the gametocyst and 
attached to openings in its wall. When they come into operation, they 
are ejected through the opening like the evertion of an inverted glove 
finger (Figs. 479 and 480). The oocysts then pass out of the cyst through 
these ducts. It appears that the evertion of the ducts and the expulsion 
of the oocysts is brought about by the expansion of a large mass of 
absorbent material which has originated in the residual body derived 
from the two gregarines after gamete formation. In one case (Echino- 



GENERAL MORPHOLOGY 1141 

mera) the cyst has no ducts, but a large mass lies within the cyst at one 
side (Fig. 481). When the gametocyst escapes from the body of its host 
this mass expands, and causes the cyst to rupture and the oocysts to be 
scattered. In many cases, however, as in Lanhesteria cuUcis, no special 
expanding body is present, and there are no ducts, the cysts simply rup- 
turing in some unexplained manner after the o5cysts have been formed. 
Very interesting modifications occur in the formation of gametes by 
the two encysted gregarines. In the simplest cases the gametes produced 



Fig. 480 . — Tubular Ducts in the Gametocyst of Clepsidrma ovata of the 
Earwig, Forjicula auricularia ( x 850 ). (After Schnitzler, 1905 .) 

A. Portion of cyst, showing completely formed duct and four oocysts. 

B. Everted duct with four oocysts passing along its lumen. 


by such gregarines are not only equal in number, but are indistinguish- 
able in other respects, so that no differentiation into male and female 
gametes can be made. This is true of some of the gregarines of the 
common earth-worm, in which there is complete isogamy. The first step 
in a differentiation into male and female gametes occurs in gregarines 
like L, culicis, where the gametes are equal in size, but those produced 
by one of the gregarines have nuclei larger than those produced by the 
other. In the case of Schaudinella henlece and Pterocephalus nobilis the 
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gametes are definitely unequal in size, producing an anisogamy comparable 
with that occurring in the coccidia, where the male gamete is so much 
smaller than the female. In Stylorhynchus longicollis and S. oblongatus, 
each of the gametes produced by one gregarine is provided with a flagellum, 
and is actually larger than those produced by the other gregarine. The 
latter are spherical bodies, to be regarded as the female gametes, though 
they are smaller than the male gametes (Fig. 482). It will thus be seen 
that, as regards the gametes produced in the gametocyst, there is every 
transition from homogamy or isogamy (similar gametes) to heterogamy or 
anisogamy (dissimilar gametes). In species of Diplocystis, one of which 
was described by Leger and Duboscq (1902) from the body cavity of 
mosquito larvae, the two associated gregarines become encysted in the 
gametocyst, and there occurs a fusion of the cytoplasm. The nuclei, how- 
ever, remain ununited. Presumably, each nucleus multiplies separately, 
as in the majority of gregarines, in which no fusion occurs. 

In the case of Lankesteria culicis it was stated that the gamete nuclei 
were produced by repeated mitotic divisions after the dissolution of the 
original nucleus of the gregarine. In some gregarines, another method has 
been described. Thus Kiischakewitsch (1907), in the case of a gregarine of 
the meal-worm, described the nucleus as breaking up into a vast number 
of very minute chromatin granules (chromidia), which are distributed 
more or less evenly through the cytoplasm. The granules then collect 
in groups. The granules of each group concentrate more and more till 
they form nuclei which by divisions give rise to the gamete nuclei. In 
other cases the chromidial groups are supposed to collect on the surface 
and then become transformed directly into the gamete nuclei. There is 
thus a transition from the production of gamete nuclei by repeated 
divisions from the zygote nucleus to that of direct concentration of 
chromidia into the gamete nuclei. Recent investigations, however, have 
not confirmed this method of formation of nuclei from chromidia, and it 
seems very probable that in all gregarines division takes place by repeated 
mitoses, as in L. culicis. The nucleus of a gregarine is a large structure, 
within which are one or more large karyosomes. When the nucleus 
breaks up a spindle is formed, and chromatin in the form of chromo- 
somes appears upon it. The amount of chromatin in the chromosomes 

1. Young stages attached to intestinal epithelium, showing development of epimcrite 

( X 2,000); 

2. Epimerite fully formed and protomerite developing ( x 2,000). 

3. Mature gregarine ( x 550). 

4. Two gregarines freshly encysted in gametocyst (x 170). 

5. Nuclear multiplication in the two gregarines, which can be distinguished as a rounded 

female gametocyte and a flattened male gametocyte ( x 170) 

6. Later stage in which oocysts have formed, and the remains of the male gametocyte 

are represented by a flattened residual body ( x 170). 

7. The residual body swells and ruptures the gametocyst (x 170). 
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is very small in comparison with the number of granules formed by the 
breaking-down nucleus. There is thus a quantity of material, some of 
which at least seems to be of chromatin nature, which is not used. This 
has been interpreted as representing a separation of the generative 
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Fig. 482 . — Sporogony op Stylorhynchus. (After L. L^ger, 1904 , .Slightly 


Modified.) 

1-2. GametocysiB of Stylorhynchus ohlongatus Hemmerfichmidt, 1838, parasitic in intestine of 
Olocrates gihlms Fabr. In 1 the two gregarines (gametocytes) are breaking up into 
separate masses while budding off gametes, which in the case of one gametocj^e are 
spherical and in the case of the other elongate and flagellated In 2, gamete formation 
is complete The two types of gamete are commencing to conjugate, and there is a 
large central residual body (X 170). 

3-11. Conjugation of gametes of Stylorhynchus longicollis Stein, 1848, parasitic in intestine of 
Maps sp. and Scaurus tristis. 3-4, two types of flagellate gamete; 5-8, stages in con- 
jugation of gametes; 9-11, development of oocyst { x 1,300). 


chromatin in the chromosomes from the vegetative chromatin which is 
discarded. 

Important variations may occur in the oocysts. In most cases these 
are spindle-shaped structures which, on account of their resemblance to 
a well-known diatom, were originally named pseudonavicellse. Instead 
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of being spindle-shaped, they may be ovoid, spherical, rectangular, 
curved, or even provided with filamentous prolongations of their ex- 
tremities' (Fig. 483). 

^ A5peculiarity^'which applies to the cephaline gregarines is a habit they 
have ofattaching themselves to one another when free in the gut (Fig. 478). 



Fig. 483 . — Various Types of Oocyst produced by Gregarines. (After Li:GER, 

FROM Wasielewski, 1896 .) 

a. Eirmocyatia, Sphcerocyatia, etc. b, Echirvomera, Dactylophorua, Pterocephahis, etc. 
c. Gregarina, etc. d. Beloidea. e. Ancyrophora. 

f. Stylorhynchua. g. Menoapora. h. Gonoapora. 

i, Ceratoapora. j. Uroapora, 


In this manner a chain of many individuals may be formed with the 
anterior end of one attached to the posterior end of another. Branched 
arrangements may also be seen. Such an association is termed a syzygy, 
and the group a syzygium. It is only of a temporary nature, and must 
be distinguished from the association which occurs prior to the formation 
of the gametocyst. 
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Fig. 484. Section through a Lobe of the Vesictjla Seminalis op the Earth- 
Worm, SHOWING Numerous Gametocysts op Species of Monocystis in 
Various Stages of Development {x65). (Original.) 

The tissue of the organ has been largely replaced by the gametocysts. 

[For description see opposite page. 
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Of the acephaline gregarines, those most easily obtained are the 
various spiseies sii Monocystis which occur in the testis and vesicula 
seminalis of earth-worms. They are readily studied in fresli preparations 
of the teased-out organs or in sections of these (Figs. 477 and 484). The 
oocysts ingested by the worm liberate their sporozoites in the intestine, 
and these make their way to the testes into the sperm mother cells of which 
they penetrate. Here, in an intracellular position, they increase in size, 
while the cell (cytophore) continues its development as a multinuclear 
cytoplasmic body, ultimately producing the spermatogonia and spermatids 
on its surface. The latter become transformed into spermatozoa, while 
the host cell by this time has been reduced to a mere membrane surround- 
ing the gregarine. The latter has the appearance of being clothed with 
cilia, which are the tails of the attached spermatozoa. Eventually, the 
remains of the host cell rupture and the gregarine escapes. The gregar- 
ines then associate in pairs in the vesicula seminalis, form gametocysts, 
and continue their development in the usual manner. 

There appear to be many different species of Monocystis in the earth- 
worms. Some of these are narrow, elongate vermicules reaching a length 
of nearly a quarter of an inch. Before encysting they retract to a more 
or less globular form. Other species are smaller than this, and differ from 
one another in details only (Fig. 477). 

Of cephaline gregarines, of which there are at least eight families and 
over fifty genera, the most readily observed forms are those occurring 
as intestinal parasites of the common cockroach {Blatta qrientalis) and 
the meal-worm {Tenebrio molitor). It is probable that each of these 
hosts harbours more than one species. They are easily observed alive 
in the liquid contents of the gut, while the details of development 
can be studied in sections (Figs. 463, 478 and 485). In the case of the 
gregarines from both these hosts there are well-developed epimerites 
attaching them to the gut cells. When they detach themselves the 
epimerite is broken off, so that the free forms are seen with only proto- 
merites and deutomerites. Syzygy is a common phenomenon, chains of 
gregarines being frequently seen. When encystment occurs they become 
globular, and attach themselves to one another by the protomerite. The 
wall of the gametocyst is a very thick structure, and is perforated in 
various places. To each of these openings is attached a tube which at 

A. Gametocysts of Monocystis mtgna containing two gregarines with multiplying nuclei. 

B. Gametocyst in which gamete formation has occurred. 

C. Gametocyst after conjugation of gametes. 

D. Mature cyst containing oocysts 

E-F. Gametocysts similar to those at A and B, but belonging to a smaller species of gregarine, 
M. agilis. 

G-K. Gametocysts containing oocysts of varying size. 

S. Spermatogenesis of the earth-worm. 
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first is within the cyst wall, but becomes everted after the oocysts have 
been formed. By swelling of the body developed from the residual 
cytoplasm the oocysts are forced through the tubes, and may actually 
be observed in living specimens leaving the tubes in the form of a string 
of highly refractile granules (Figs. 479 and 480). 



Fig. 486. — Qregarina hlattarum of the Cockroach. One Field of a Smear of 
THE Intestinal Contents ( x 80). (Original.) 

The gregarines were free in the lumen of the intestine and had lost their epimerites. 


GREGARINES OF BLOOD-SUCKING ARTHROPODA. 

In biting arthropods gregarines have been described from time to time, 
and as these may be encountered in experimental work some reference 
may be made to them. 
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Lankesteria culicis of AMes argenteus has already been described, as 
also the species of Gaulleryella found in mosquito larvae. Gunther (1914) 
described a gregarine of the acephaline type as occurring in the body 
cavity and respiratory system of the larvae of Ficalbia dofleini, a mosquito 
of Ceylon. 



Fig. 486. — Longitudinal Section through Posterior Portion of Stomach. 
Pyloric Opening of Stomach, and Anterior Portion of Hind-Gut of 
THE Dog Flea, Ctenocephalus canis, showing a Gametocyst of a Gregarine 
{Steinina rotundataf) with nearly Mature Oocysts in the Stomach and 
attachedIForms of Leptomonas ctenocephali on the Epithelial Lining of 
Hind-Gut ( x 700). (Original.) 

Gregarines have been found in fleas on several occasions. Leuckart 
(1861) mentions the occurrence of gregarines in the larvae of fleas. Ross, 
E. H. (1909), recorded the presence of a cephaline gregarine in the adult 
dog flea, Ctenocephalus canis, in Port Said, and gave it the name Gregarina 
ctenocephalus canis. There was a well-developed epimerite by which the 
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organism fixed itself to the living cells of the stomach. Characteristic 
association of two gregarines with the formation of a gametocyst occurred. 
The oocysts are described as barrel-shaped. No details of the dimensions 
are given. What is probably the same form was seen by the writer 
(1914a) in dog fleas in Malta (Fig. 486). Three large gametocysts almost 
completely filled the stomach, and in section the oocysts were seen to be 
ovoid and to contain eight sporozoites. 

The gregarine noted by Noller (1914) in larvae of the dog flea is 
probably the same organism. Wellmer (1910) discovered a gregarine in 
Ceratophyllus fringillce and C, gallince. The gregarines possessed epi- 



a 


Fig. m.—^teinina rotundata from Mid-Gut of Ceratophyllus styx, Eotiisch. off 
Sand-Martin. (After Ashworth and Kettie, 1912 .) 

a. Gregarine attached to epithelium in section of gut ( x OOO) 

b. Free gregarine ( x GOO). c. Oocyst. 

merites provided with eight hooks, while the gametocysts reached a 
diameter of 180 microns. Wellmer gave it the name Acanthocephalus 
parvus, 

Strickland (1912) published an account of a cephaline gregarine seen 
by him in the larvae of the rat flea, Ceratophyllus fasciatus. The gregarines 
varied in length from 12 to 55 microns. They were provided with an 
epimerite consisting of a neck and a disc provided with a ring of finger- 
like processes. A septum divided the body into protomerite and deuto- 
merite. This gregarine was again studied by Lewin (1913), who gave an 
account of the encystment which is undoubtedly correct, though differing 
from that given by Strickland. The gametocysts measure about 
75 microns in diameter, and within it oocysts are produced in the usual 
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manner. These are ovoid bodies measuring 7 by 3 microns, and contain 
eight sporozoites. To this gregarine Strickland gave the name Agrip- 
pina bona. 

Ashworth and Rettie (1912) described as Steinina rotundata a gregarine 
which they found in three species of flea {Ceratophyllus styx, C.farreni, and 
C. gallince) obtained from bird-nests (Fig. 487). It is a typical cephaline 
gregarine, varying in length from 10 to 180 microns, and showing an 
epimerite, protomerite, and deutomerite. The epimerite is in the shape 
of a disc attached to the body of the gregarine by a neck. From the 
centre of the disc a pointed process may extend forwards, while its margins 
are crenated. The young stages of the gregarine are attached to the 
epithelium of the mid-gut by their epimerites, which are embedded in the 
cytoplasm of the cells. The gametocysts are spherical, and have a dia- 
meter of 110 to 188 microns. When newly formed, the cyst wall is 
about 8 microns in thickness, but in older cysts it is thinner than this, 
so that condensation of the wall must take place. The oocysts are 
spindle-shaped, with the apices of the spindle cut off, so that the ends are 
flattened. They are 11 to 12 microns in length by 7 microns in breadth. 
These oocysts, when placed in the intestinal fluid of the flea, commence 
to swell at their apices. Eventually a kind of plug is detached, exposing 
a pore through which eight sporozoites may be seen to emerge. The latter 
have a length of 9-5 to 10'5 microns and a breadth of 1-5 to 2 microns. 

The members of the Kala Azar Commissions working in Assam and 
Calcutta (see p. 42’3) have noted that Phlebotomus argentipes is liable to be 
infected with a gregarine, the gametocysts of which occur in the stomach. 

RELATION OF THE GREGARININA TO THE COCCIDIOMORPHA. 

The chief distinction between the gregarines and the coccidia is that 
the two gametocytes of the former produce gametes in equal number, 
and conjugation leads to the production of a similar number of zygotes, 
whereas, in the latter, one gametocyte produces a number of gametes, 
while the other, which is invariably the female, produces only one. In 
the coccidia, again, the male gametes are small, while the female gamete is 
as large as the gametocyte itself. In the case of the gregarines, even when 
the gametes are sexually differentiated, they are approximately equal in 
size. The coccidia always reproduce by schizogony, while with gregarines 
this method of multiplication occurs only in the small group of the Schizo- 
gregarinida, which in this way form a connecting link between the coccidia 
and gregarines. In the Eimeriidea the male and female gametocytes 
develop independently, while in the Adeleidea they are in association, and 
the condition which occurs in the gregarines is approached. In the 
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case of Adelea ovata the male gametocyte produces only four male gametes, 
while in Karyolysus lacertarum the number is reduced to two, so that they 
approach the condition which maintains in the case of the gregarines of 
the genus Ophryocystis, in which each of the associated gametocytes 
gives rise to only a single gamete. 

The gregarines differ from the coccidia in their growing phases. The 
latter remain as intracellular parasites during the whole of this period, 
and have no free existence. The gregarines, on the other hand, sooner 
or later leave the host cell and move about in the gut lumen or 
body cavity as free motile organisms. In the case of Selenococcidiu 7 n 
intermedium, on the other hand, the adult form is of the vermicular or 
gregarine type, and leads a free existence in the gut of its host. Its 
sexual phase, on the other hand, is that of a coccidium. The gametocytes 
of Isospora felis are definitely gregariniform in character, and may even 
be attached to the cytoplasm of the cell by their anterior ends (Fig. 347, 19). 
In the gregarines generally there is a free-living phase, and the two gameto- 
cytes produce a large number of oocysts, while in the coccidia there is, 
as a rule, no free-living phase, and the two gametocytes, which may or 
may not be associated, product" only a single oocyst. 
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B. scTB-PJ/riiTJif. CILIOPHORA. 

GliOVP 1 : PROTOCILIATA. 

V. CLASS: OPALINATA. 

CLASSIFICATION. 

CLASS: OPALINATA 

-n Siih-Family : oPALiNiNiE 

Family : OPALINID^ 

Suh-Family : protoopalininas Genus: Cepedea 

Genus: Protoopalina j »» Opalina 

,, Zelleriella 

In this class there is a single family — oPALiNiDiE Stein, 1860 — the 
members of which it has been usual to regard as belonging to a single genus, 
Opalina Purkinje and Valentin, 1835 (see p. 158). Metcalf (1918, 1920) has, 
however, established four distinct genera, reserving the genus Opalina 
for forms like the common Opalina ranarmn of the rectum of the frog. He 
(1920) recognizes two sub-families — the protoopaltntn^r, which includes 
types with two nuclei; and the opalinina:, those with four or more nuclei. 
The division into genera is based on the shape of the body, which may 
be more or less cylindrical or flattened and leaf-like. In the sub-family 
Prot()opalinina3 there are two genera — Protoopalina Metcalf, 1918, the 
members of which have more or less cylindrical bodies, which are circular 
or broadly oval in cross-section; and Zelleriella Metcalf, 1920, the members 
of which have more or less flattened bodies which are narrow oval in 
section. In the sub-family Opalininse there are, again, two genera Cepedea 
Metcalf, 1920, and Opalina Purkinje and Valentin, 1835. The members 
of the former genus have more or less cylindrical bodies and those of the 
latter flattened bodies. 

The various species are found chiefly in the intestine of Amphibia, 
but one, Protoopalina saturnalis (Leger and Duboscq, 1904), occurs in a 
marine fish {Box boops). The life-histories have been studied by Neres- 
heimer (1906, 1907), Metcalf (1909, 1923), Brumpt (1915), Konsuloli (1922), 
and others. In the majority of species the body consists of a thin plate 
of cytoplasm roughly oval in outline, but some have an elongate cylindrical 
body, one end of which may be tapering. The whole body is uniformly 
clothed with longitudinally arranged parallel rows of cilia. There is no 
cytostome, but some of the elongate forms have an excretory system con- 
sisting of a longitudinal canal which communicates with the exterior by 
II. 74 
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a pore at the posterior end of the body. There is a definite ectoplasm and 
endoplasm. The latter contains two or more nuclei, and often a number 
of bodies which are smaller than the nuclei, and have an ovoid or spindle 
shape. As regards the nature of these bodies there has been much specula- 
tion. In many respects they stain like chromatin. Konsuloff (1922) has 
come to the conclusion that in the case of Opalina ranarum, they correspond 
with the macronuclei of other ciliates, and that the structures which have 
hitherto been regarded as the only nuclei present are in reality the micro- 
nuclei. In favour of this view he argues that the spindle bodies appear 
to arise from material extruded from the nuclei, that they stain like 
macronuclei of other ciliates, multiply by division, and finally disappear 
when syngamy occurs. Hickson (1903) came to a conclusion the reverse 
of this. He considered the spindle bodies to be micronuclei and the 
nuclei macronuclei. The latter view is evidently incorrect. Metcalf 
(1923) does not believe in their nuclear nature. 

Reproduction is by binary fission. In the binucleate forms the two 
nuclei divide by mitosis, and when four nuclei are present the body divides 
into two daughter individuals. In the multinucleate forms nuclear 
division by mitosis proceeds somewhat irregularly till many nuclei are 
present. Finally, division of the body takes place, to give rise to two 
multinucleate individuals. 

During nuclear division chromosomes are formed, but in many cases 
these do not become regularly arranged as an equatorial plate. Never- 
theless, it appears that the individual chromosomes actually divide to form 
those of the daughter nuclei, though at one time Metcalf (1909) was inclined 
to think that no division of the chromosomes occurred. In his more recent 
work (1923) he appears to have modified this view. A notable feature of the 
nuclei, as Metcalf (1923) points out, is a tendency they have of resting 
after nuclear division has commenced. Cyst formation commonly occurs, 
and it is by means of cysts that infections spread from one host to another. 

Opalina ranarum (Purkinje and Valentin, 1835). — This is the form 
which has been most extensively studied, as it is nearly always present in the 
rectum of the common frog, Rana temporaria. It can easily be recognized 
as an actively motile ciliated plate of cytoplasm which has a whitish 
opalescent appearance (Fig. 488, 5 ). The individuals vary much in size 
and shape, and may reach a diameter of nearly a millimetre. They are 
thus easily seen with the naked eye. The body, which is devoid of cyto- 
stome or other opening, is covered by a distinct pellicle, beneath which 
is the ectoplasmic layer containing bundles of myoneme fibrils and 
curious vacuoles, in each of which is a granule. The cilia are arranged 
longitudinally in parallel rows, and are usually supposed to arise from 
blepharoplasts lying immediately beneath the pellicle. Gatenby and King 
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(1926, 1926), however, state that the blepharoplasts are in the endoplasm, 
and that this is an indication that 0. ranarum is a flagellate. The endo- 
plasm contains numerous nuclei, which are evenly distributed through the 
cytoplasm. Each is a spherical structure limited by a definite membrane, 
upon which the chromatin is arranged in the form of granules or as an 
irregular network. At the centre of the nucleus is a karyosome, which, 
according to Metcalf (1909), contains no chromatin. The endoplasm also 



h 

Fig. 488 . — Opalina ranarum ( x 400). (Original.) 

]‘4. Encysted individuals with one or more nuclei. In addition to the nuclei, the cytop'asm 
contains refringent bodies and deeply -staining granules. 5. Section view of ciliate. 

contains the small spindle-shaped bodies referred to above. As the organism 
increases in size through absorption of nutriment by osmosis, the nuclei 
multiply by a modified form of mitosis. When a nucleus commences to 
divide, it increases in size and elongates, and then develops an intranuclear 
spindle without any trace of centrosomes. The chromatin granules form 
a number of elongate chromosomes, which become arranged upon the 
spindle fibres in an irregular manner. Though they do not form a definite 
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equatorial plate, they divide and become separated into two groups, which 
move towards the poles of the spindle. The nucleus then constricts at its 
centre, and two nuclei are formed. According to Konsuloff (1922), the 
spindle bodies which occur in the endoplasm, and which, he supposes, 
represent the macronuclei of other ciliates, also multiply by simple con- 
striction (Fig. 489, 23-24), an observation first made by Toenniges (1898). 

Multiplication of the ciliate is brought about by division of the body 
into two parts, each of which is a multinucleate organism. During the 
greater part of the year the large forms alone are present in the frogs. 
In the spring, however, repeated divisions of the ciliate give rise to small 
individuals with only a small number of nuclei. These become 
enclosed in cysts which measure from 30 to 70 microns in diameter, and 
are passed into the water by the frogs (Fig. 488, 1-4). The newly-hatched 
tadpoles ingest these infecting cysts, and the enclosed ciliates are hatched 
in the rectum. These are gametocytes, which, according to Konsuloff, 
can be distinguished as male and female (Fig. 489, 4-6). They contain 
nuclei and degenerating spindle bodies. They divide repeatedly, and give 
rise to small ciliated individuals with single nuclei. These forms, which 
are gametes, have elongate bv:dies with rounded anterior and tapering 
posterior ends, and may be distinguished as small males and larger females. 
They are 28 to 30 microns in length, and do not contain the spindle 
bodies which were present in the earlier stages. Conjugation takes place 
between the male and female gametes with complete fusion of their bodies 
and nuclei (Fig. 489, 7-20). According to the descriptions of Metcalf 
(1909) and Brumpt (1915), the zygotes so formed do not become encysted. 
Neresheimer (1906, 1907), and more recently Konsuloff (1922), however, 
claim that the zygote produces a cyst with a diameter of about half that 
of the infecting cyst which contains a multinucleate gametocyte, and that 
it escapes in the dejecta of the tadpole, after which it is eaten by a second 
tadpole. It is then that the zygote emerges from the cyst, and commences 
to grow into the adult multinucleate individual. According to Konsuloff, 
under certain adverse conditions entire fully-grown individuals may 
become enclosed in purely protective cysts (Fig. 489, 21-22). Sometimes 
the ciliates which emerge from the infecting cysts grow directly into adults 
instead of producing gametes. 

0. ranariim may be regarded as an organism in which division of the 
cytoplasm does not keep pace with nuclear multiplication, hence the 
multinucleate condition. In the spring, however, division of the cyto- 
plasm takes place without further nuclear multiplication till the uni- 
nucleate gametes are produced. After fusion of the gametes, the zygote 
so formed increases in size, while nuclear multiplication again proceeds 
more rapidly than the body divides, and the large multinucleate organisms 
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result. Whether the spindle bodies are actually macronuclei, as Konsuloff 
maintains, seems open to question. 



Fig. 489. -Opalina rananim : Various Stages in Life-History (1-23 xca . 500; 
24 xca . 1500). (After Konsuloff, 1922.) 

1. Infection cyst containing ciliate with four nuclei and bodies supposed to be macronuclei. 
2-G. Escape of ciliate (gametocyte) from infection cyst. 

7. Division of macrogametocyte to produce macrogametes. 8. Macrogamete. 

9-10. Division of microgametocyte to produce microgametes. 11. Microgamete. 

12-17. Conjugation of gametes and encystment of zygote. 

18-20. Escape of ciliate from cyst and growth to multinucleated form. 

21-22. Encysted multinucleate forms (resistant cysts). 

23. Endoplasm showing nuclei and bodies interpreted as macronuclei. 

24. Division of supposed macronuclei. 
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Protoopalina intestinalis (Stein, 1856). — This is a binucleate cylindri- 
cal form which occurs in the intestine of various frogs and toads. According 
to Metcalf (1923), who has given an account of its life-history as far as 
it is known, it usually varies in length from 180 to 360 microns during 
the greater part of the year, while in the spring minute forms are gradually 
produced by more rapid divisions of the body. The ciliate is broad and 
rounded anteriorly, and tapers to a more pointed end posteriorly {Fig. 490). 
The body is covered with longitudinal rows of cilia, with a tendency to 
a spiral arrangement. There is a well-developed ectoplasm consisting of 
a pellicle, a granular layer in which the basal granules of the cilia occur, 
and an inner alveolar layer containing certain spherules. The endoplasm 
contains alveoli, which are smaller than those of the ectoplasm. It also 
contains numerous bodies, which may be ellipsoidal or dumb-bell-shaped, 
and numerous small granules. Along the central axis of the body lies 



Fig. Froioopalina InteMinaliH from the Intestine of the Toad: Semi- 

Schematic Longitudinal Optical Section ( x 360). (After Metcalf, 1 023. ) 


the excretory organ in the form of an elongate vacuole, which opens 
posteriorly by a pore. There are two nuclei, which are nearly always 
pear-shaped and connected by a thread, the remains of the drawn-out 
membrane of a previous nuclear division. Reproduction is by fission, and 
this is preceded by mitotic division of the nucleus, during which eight 
chromosomes are formed. The chromosomes are elongate structures, 
which are arranged irregularly as an equatorial plate. In addition to these 
large chromosomes, Metcalf (1923) describes smaller chromatin granules 
which collect at the equator of the spindle in groups. They lie near the 
centre of the equatorial plate, and divide into daughter groups, which pass 
to the poles of the spindle with the larger chromosomes. He regards these 
as chromosomes of a type differing from the larger ones, and distinguishes 
macrochromosomes and microchromosomes. The nucleolus of the resting 
nucleus contains no chromatin, and, without dividing, passes into one or 
other of the daughter nuclei. 
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In the spring, by repeated divisions, minute individuals with single 
nuclei are formed. These encyst and pass into the water, where they 
are ingested by tadpoles. Here they escape from the cysts and commence 
dividing, ultimately forming macrogametes and microgametes, which 
unite in pairs (Fig. 491). The further fate of the zygote has not been 
traced. It resembles the adult forms except in being smaller and possess- 
ing only a single nucleus. 



491 . -Encysted Forms and Stages t\ (-onjugation of Proloopalina 
intestinalis ( x 673 ). (After Metcalf, 1923 .) 

In the family Opalinida) there are in all about 150 species which belong 
to the four genera noted above. They differ from one another in shape, 
size, and other details. One form, Cepedea lanceolata, described by 
Bezzenberger (1904) from Rana esculenta var. chinensis, has four nuclei. 
They arc all inhabitants of the intestine of Amphibia, with the exception 
of the piscine form already mentioned. They do not appear to be in any 
way pathogenic to their hosts, in which they live as harmless commensals, 
absorbing nutriment in liquid form from the intestinal lumen. 
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OBOUP2; EUCILIATA. 

VI. CLASS: CILiATA Perty, 1852. 

CLASSinCATION. 


CLASS: CILIATA 

SUB-CLASS : Aspirigera 

Order : HOLOTRTOIIIDA. 

Sub-Order: Astomatea 
Family : KOFOIDELLII)^ 

„ INTOSHELLID^E 

,, ANOPLOPHKYIDJS 

,, DISCOPHRYID^ 

,, LADIT)^ 

,, CEPEDELLID^ 

,, HERPETOPHRYID^: 


Family: PEREZELLID^ 

„ COLLlNIIDi® 

„ PROTOPHRYID.^ 

,, ORCHITOPHRYIDiE 

Sub-Order: Stomatea 
SecMon 1 : GYMN08T0MATA 
Section 2 ; TKICHOSTOMATA 

SUB-CLASS: Spirigera 
Order: IIETEROTEICIIIDA 
„ OLICrOTRICHIDA 
„ HYPOTKICHIDA 
„ PEETTRK^HIDA 


The members of this class are Euciliata which possess cilia at all 
stages of their development (seep. 158). The shape of the body varies 
very much in different species. The majority of the Ciliata possess a 
definite mouth opening or cytostome leading to an oesophagus or cyto- 
pharynx, which terminates in the endoplasm. Sometimes the mouth 
opening is situated at the posterior end of a groove or depression, the 
peristome. A definite anal aperture (cytopyge) is also frequently present 
at the posterior end of the body, but in those forms with a vestibulum 
it may be situated in this depression near the cytostome. The numerous 
modifications undergone by the cilia, such as the fusion of adjacent cilia 
into stout processes known as cirri, or into membranes in association with 
the cytostome and cytopharynx, often give the ciliates a very complicated 
appearance. The cilia are uniformly distributed over the body in 
longitudinal rows or limited to particular areas. In many forms there 
is a special zone (adoral zone) of cilia which are arranged in a spiral 
manner in front of the mouth, and continued into the cytopharynx as 
cilia or as membranes which have been formed by fusion of adjacent rows 
of cilia. These forms, as proposed by Blochmann (1886a), are known as 
the Spirigera to distinguish them from the Aspirigera, which do not 
possess an adoral zone of cilia. The body may be ovoid, distinctly elongate, 
or flattened dorso-ventrally. In certain forms the body is more or less 
cone- or bell-shaped owing to the fact that, after leading a free-swimming 
existence, they become permanently attached to various objects. The 
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point of attachment is the apex of the cone, and from it there may be 
developed a long filament, to the end of which the ciliate is attached. 
The filament or stalk may be capable of retracting like a spring, and by 
its means the ciliate is able to draw itself away from objects with which 
it comes in contact. By repeated divisions of the ciliates at the extremities 
of the filaments or stalks and the formation of new filaments by the 
daughter individuals there are produced complicated branched systems, 
with a ciliate at the extremity of each branch (Fig. 529). 

Certain Ciliata are devoid of cytostomes, and in this respect they re- 
semble Opalina ranarum, and allied forms. On the basis of this distinction 
the ciliates devoid of cytostome (including Ojjalina ranarum) have been 
grouped together as Astomata in distinction to the Stomata, which 
possess one. This, however, is an unnatural classification in that it involves 
the grouping of 0. ranarum with ciliates which have the characteristic 
nuclear dimorphism. 

The names Storaatoda and Astoma were suggested by von Siebold (1848). 
In the former group he placed the ciliates which possessed cytostomes, 
and in the latter the ciliate 0. ranarum and certain flagellates. Later 
observers removed the flagellates from this group, and included with 
0. ranarum the astomatous ciliates of worms. Ray Lankester (1870) 
first realized that the grouping of 0. ranarum with the other astomatous 
ciliates was an unnatural procedure, and finally Leger and Duboscq 
(1904a) showed clearly that it differed fundamentally from the ciliates 
which were usually classed with it. They separated the two types under 
the headings OpalininsB and Anoplophryinae. This view was accepted 
by Cepede (1907, 1910). The important difference between 0. ranarum 
and the other ciliates was realized by Marcus Hartog {1906), who went so 
far as to remove it from the class and place it with the Trichonymphidae 
amongst the Mastigophora. The system suggested by Metcalf (1918, 1920, 
1923), which is adopted here, appears to be the best, as it recognizes the 
difference between the nuclei of 0. ranarum and its allies and those of the 
remainder of the Ciliophora (see p. 158). 

The Ciliata are usually classified according to the distribution of the 
cilia on the surface of the body, the presence or absence of the cytostome, 
and the arrangement of the cilia around the cytostome. 

CLASS: CILIATA Perty, 1852. 

1. SUB-CLASS : Aspirigera Blochmann, 1886. — When a mouth is 
present there is no adoral zone of spirally arranged cilia. The body is 
either uniformly covered with cilia or these are limited to certain areas. 
The sub-class contains a single order: 

(1) Order: HOLOTRTOHTDA Delage and Heronard, 1896.— This order 
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may be subdivided into the forms which are devoid of cytostome 
(Astomatea), and those which possess one (Stomatea). 

2. SUB-CLASS : Spirigera Blochmann, 1886. — The peristome has an 
adoral zone of spirally arranged cilia leading to the cytostome or mouth. 

(1) Order : II ETEROTKICHIDiV Delage and Herouard, 1896. — The adoral 
zone of cilia is arranged as a left-handed spiral. The body is uniformly 
covered with cilia of different kinds. 

(2) Order : OLICIOTRrCHTDA. — The general surface of the body is not 
covered with cilia. The adoral zone is a left-handed spiral. 

(3) Order: HYPOTRICHTDA Delage and Herouard, 1890. — The body is 
flattened dorsoventrally in adaptation to a creeping mode of existence. 
The cilia are represented mostly by groxips of cirri, which on the ventral 
surface serve for locomotory purposes. There is an adoral zone of cilia 
arranged as a left-handed spiral in association with the cytostome. 

(4) Order: PERTTRICHIDA Delage and Herouard, 1890. — The body is 
cone-shaped and is usually attached to various objects by a stalk which 
arises from the dorsal surface. It is frequently retractile like a spiral 
spring. The only cilia present are usually those on the ventral surface 
which forms in the base of the c me. They are arranged as a right-handed 
spiral. 

The vast majority of the Ciliata are free-living organisms which are 
found in fresh and salt water. Some of these, such as the various species 
of Paramecium and Vorticella, have been extensively studied from the 
point of view of the phenomena of multiplication and conjugation, and 
very interesting and important results have been obtained. 

Very few ciliates can be regarded as true parasites, though many of 
them are associated with higher animals, where they live on the surface 
of the body or in the intestine as commensals. 

Many of the stalked or pedunculate forms, such as Epistylis (Fig. 529), 
may become attached to the bodies of aquatic Arthropoda and Crustacea. 
Such infections may be so heavy, as occurs sometimes in the case of mos- 
quito larva), that the hosts appear to be definitely embarrassed. In other 
cases, free-swimming forms, such as species of Chilodon and Trichodina, 
occur in the mucoid material on the skin of fish, while species of Ichthyo- 
phthirius are true parasites, which actually become embedded in the 
epidermis. There is a fairly large group of astomatous holotrichous ciliates 
(Astomatea) which are inhabitants of the intestinal tract, body cavity, and 
other organs of invertebrates, chiefly worms and Crustacea. 

Lamborn (1921) has noted a heavy infection of the body cavity of the 
larvae of Aedes scutellaris in the Malay States with a ciliate which Keilin 
(1921a) named Lambornella stegomyce. A number of other similar infections 
of insect larvae has been recorded. 
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In the intestinal tracts of higher animals ciliates are of frequent occur- 
rence. Frogs and other batrachians harbour species of Balantidium and 
Nyetotherus, while both genera are represented in the gut of the cockroach. 
Ciliates of a very curious and complicated type occur in the stomachs of 
cattle and other ruminants, and in the csecum of horses. Closely related 
forms have been described from the chimpanzee and gorilla and the wild 
guinea-pigs of Brazil. Finally, there is Balantidium coli, which occurs as 
an intestinal parasite of pigs, and occasionally infects man, giving rise to 
balantidial dysentery. 

Various other ciliates have been described from man, but in most, if 
not all cases, they are merely coprozoic organisms. Ciliates, like other 
Protozoa, may become encysted, and in this condition may pass through 
the intestines and give rise to cultures in faeces after they have left the 
body. It is possible, but there is no absolute proof of this, that the cysts 
may occasionally rupture and liberate the ciliates in the lower parts of the 
intestine, so that the free-living forms are passed in the stool. If this 
actually occurs, it is in the nature of an accident and must not be regarded 
as ail indication that the ciliates are inhabitants of the intestine. 

1. 8UB-CLA88: Aspirigera. 

(1) Order: HOLOTRICHIDA Delage and Herouakd, 1896. 

In these ciliates the whole body may be covered with a uniform coating 
of cilia arranged in longitudinal rows, or these may be limited to certain 
areas. A definite mouth or cytostome may or may not be present 
(Stomatea and Astomatea). When it occurs, it is either a simple 
opening which may lead to a tube or oesophagus ending blindly in the endo- 
plasm, and unprovided with special cilia or membranes (OYMNOSTOMATA 
Biitschli, 1889), or it may lead to an oesophagus lined with cilia or con- 
taining an undulating membrane (TRICH08T0MATA Biitschli, 1889). 
Amongst the Holotrichida are usually included a number of well-known 
free-living ciliates. Such are the various species of Paramecium, Colpoda, 
Ghilodon, Prorodon, Didinium, Lacry maria, Coleps, Pleuronema, Cyclidiimi, 
Uronema, Glaucoma, and others. Among parasitic forms are the species 
of Ichthyophthirius, Anoplophrya, Collinia, Lambornella {? Glaucoma), and 
the ciliates which occur in the stomach of cattle and other animals. 

The astomatous ciliates (Astomatea) are devoid of cytostome. Their bodies 
are completely covered by longitudinally arranged parallel rows of cilia. 
There are numerous families which comprise a number of genera and species. 

The Holotrichida ( =Holotricha Stein, 1859) may be subdivided as folio ws : 

1. 8ub-0rder : Astomatea. — Holotrichida which are devoid of cytostome. 

2. 8ub-Order: Stomatea. — Holotrichida which are provided with a 
cytostome. 
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Section 1 : GYMNOSTOMATA Biitschli, 1889. — Cytostome usually closed, 
unprovided with cilia or membranes; oesophagus, if present, naked or 
supported by rod-apparatus; peristome usually absent. 

Section 2 : TRTCHOSTOMATA Biitschli, 1889. — Cytostome permanently 
open, provided with cilia or membranes; oesophagus, if present, ciliated 
or bearing membranes; peristome usually present. 

(1) Suh’Order: Astomatea. 

The ciliates belonging to the Astomatea differ from the Opalinidse in 
that each has a macronucleus and micronucleus. They are parasitic 
chiefly in the intestinal canal and body cavity of invertebrates. Some 
of them are elongate organisms with long macronuclei, while others 
are ovoid and possess more rounded macronuclei. In som^ forms organs 
of fixation occur at the anterior end of the body, by means of which they 
can attach themselves to cells, while in others a sucker is developed on 
the ventral surface of the anterior region of the body. There are usually 
present several contractile vacuoles, which may be arranged in one or 
two longitudinal rows. Reproduction is by transverse division of the 
body. This process may give rise to daughter individuals of equal size, 
or a small individual may be divided off from the posterior end. By a 
repetition of this unequal division there may be produced a chain of 
small ciliates (catenular budding). The process of conjugation has been 
studied in species of Collinia, 

Cepede (1910), in his monograph, divides the astomatous ciliates into 
a number of families and sub-families as follows: 

1. Family: KOFOIDELLIDJ3 Cepede, 1910. 

2. ,, INTOSHELLIDJE CepMe, 1910. 

3. ,, ANOPLOPHRYID^ Cepede, 1910. 

(1) Sub-Family: riiizocary Cepede, 1910. 

(2) ,, „ BUTSCIILIELIJNAC Ccpcdc, 1910. 

(3) „ „ ANOPLopiiRYiNAs Ccpcde, 1910. 

(4) ,, „ MESNiLELLiNAi Cepede, 1910. 

(5) ,, ,, iioPLiTOPiiRYiNAi C^pcde, 1910. 

(fi) „ „ MAIJPASELLIN^ Cepede, 1910. 

4. Family: DISCOPHRYIDiE C6pMe, 1910. 

5* „ LADID^ Cepede, 1910, 

6. „ CEPEDELLID^ Cepede, 1910. 

7. „ HERPETOPHRYiDiE Cepede, 1910. 

8. „ PEREZELLIDJE CepMe, 1910. 

9. „ COLLINIID^. Cepede, 1910. 

10. ,, PROTOPHRYID^ CepMe, 1910. 

11. „ ORCHITOPHRYID.E Cepede, 1910. 
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SYSTEMATIC DESCRIPTION OF FAMILIES AND SUB-FAMILIES 
OF THE ASTOMATEA. 

Parasites of the Gastro-Vaseular System. 

1. Family: KOFOIDELLIDiE C6pMe, 1910. 

This family contains the single genus Kofoidella, of which K. eleutherice 
C4p'Me, 1910, is the sole representative (Fig. 492, i). It is a pear- 
shaped organism 30 to 80 microns in length. The body is covered by 
a delicate membrane uniformly ciliated. The large macronucleus is 
centrally situated, and a contractile vacuole occurs in the posterior third 
of the body. According to CepMe, it is a very common parasite of the 
gastro-vascular system of the medusa, Eleutheria dichotoma. 

Parasites of the Intestinal Tract. 

The majority of the astomatous ciliates are included in this group, 
in which Cepcde recognizes four families, one of which, the Anoplophryidse, 
is divisible into six sub-families. The ciliates occur in the intestine of 
a large variety of hosts, most of which are aquatic worms. They are also 
found in Rotifera, Bryozoa, Gastropoda, and Batrachia. 

2. Family: INTOSHELLIDJ5 Ccpkle, 1910. 

This family includes the single genus Intoshellina, with one species, 
/. maupasi CepMe, 1910, from the intestine of Tubifex sp. Like the 
members of the next family, it has an elongate body covered by parallel 
rows of cilia which have a longitudinal but slightly spiral course (Fig. 492, 2 ). 
There is an elongate macronucleus, and five to seven contractile vacuoles. 
The characters which justify its inclusion in a separate family are the 
presence at the anterior end of the body of an organ of fixation and 
a rudimentary oesophagus, a vestige of the cytostome and oesophagus 
which were presumably present in the free-living ancestor. 

3. Family: ANOPLOPHRYID^ Cepkle, 1910. 

Cep.^de, as noted above, divides the family into six sub-families, the 
members of which resemble one another in the elongate body which is 
uniformly ciliated, the well-marked ectoplasm, the numerous contractile 
vacuoles, the elongate macronucleus, and the absence of cytostome or 
oesophagus. They differ in the character of the macronucleus, which is 
cylindrical in all except the Rhizocaryinee, in which it has lateral branches; 
in the possession of an armature for fixation purposes, which is present 
in the three sub-families Mesnilellinse, Hoplitophryinse, and Maupasellinse, 
and absent in the others; and in the arrangement of the contractile 
vacuoles and other details. 
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(1) Suh-Family : rhizocaryin^ C6pMe, 1910. 

In this sub-family there is a single genus, Rhizocaryum, of which there 
is but one species, R, concavum, Caullery and Mesnil, 1907 (Fig. 492, 3). 
It is an ovoid organism with a striated depression on the ventral surface. 
Its chief characteristic is the presence of an elongate branched macro- 
nucleus. It is an intestinal parasite of the marine worms Polydora ccBca 
and P. Jlava. In an individual 110 microns in length the macronucleus 
measured 85 microns. 

(2) Sub-Family : butsciiliellinje Cepede, 1910. 

This sub-family contains a single genus and species, Biltschliella 
ophelice Awerinzew, 1907. The ciliate measures 280 to 360 microns in 
length and 25 to 50 microns in breadth (Fig. 492, 4). The body is uni- 
formly ciliated save for a cone of cytoplasm at the anterior end, which 
may be invaginated. There is a row of about six contractile vacuoles 
along one side of the elongate macronucleus. Reproduction takes place 
by the separation of small daughter individuals, which may remain 
attached in chains (catenular budding). The ciliate is parasitic in the 
marine worm, Ophelia limacina, 

(3) Sub-Family : anoplophryin^ C6pede, 1910. 

The members of this sub-family, which belong to the single genus Anoplo- 
phrya, resemble those of the preceding sub-family except that the body is 
uniformly ciliated, there being no anterior cone free from cilia (Fig. 492, 5). 
The ciliates are elongate organisms which are either cylindrical or slightly 
flattened. The extremities are rounded, the anterior being often broader 
than the posterior. Reproduction is by transverse division which may 
lead to the separation of chains of buds from the posterior end of the body. 

The members of the genus occur in the intestine of Polycheeta {Nais 
serpentina), and Oligochaeta {Lumbricus terrestris), leeches {Clepsine 
binoculata), Gasteropoda {Paludina decisa)^ Rotifera {Noteus), Bryozoa, and 
Crustacea {Homarus gammarus). 

1 . Kofoidella elentherion Ceprde, 1910 ( x400), from the gastric system of the coelenterate, Eleu- 

theria dichotoma, as seen in living condition (1) and after treatment with alcohol (la). 

2. Intoshellina maupasi C^ptde, 1910 (x420), from intestine of Tubifex sp., showing elongate 

macronucleus, contractile vacuoles, and fixation organ. 

3. Rhizocaryum concavum Caullery and Mesnil, 1905 ( x 1,000), from Polydora cceca and P. Jlava, 

showing branched macronucleus and dividing micronucleus. 

4. ButachlieUa ophelice Awerinzew, 1907 ( x 300), from intestine of Ophelia limacina, showing 

macronucleus, contractile vacuoles, and non-ciliated anterior extremity. 

6. Anoplophrya naidos (Dujardin, 1841) (x400), from intestine of the polychsete worm, Nais 
serpentina, showing uniformly ciliat^ body, macronucleus, and contractile vacuoles. 

6. Mesnilella clavata (Leidy, 1855) ( x 300), from intestine of Lumbricus variegatus, showing con- 
tractile vacuoles and internal spicule. 
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(4) Suh-Family : mesnilellinje C6pMe, 1910. 

Like the preceding sub-family, the present one contains a single genus, 
Mesnilella, the members of which resemble closely those of the genus 
Anoplophyra, from which, however, they can be distinguished by the 
presence of a longitudinal rod, which appears to function as a supporting 
structure. M, secans, which may reach a length of 240 microns, with a 
breadth of 38 microns, occurs in the intestine of the worms Lumbricus 
terrestris and Lumhriculus variegatus. The latter also harbours another 
species, M, clavata, which was discovered by Leidy (1855) (Fig. 492, 6). 

(5) Sub-Family : hoplitophryinjr Cepede, 1910. 

The ciliates of this sub-family, of which there is the single genus 
Hoplitophrya, possess at the anterior end of the body a chitinous organ 
of fixation, by means of which attachment to the intestinal wall can be 
effected. The species H. lumbrici (Dujardin, 1841) occurs in the intestine 
of the earth-worm, Lumbricus terrestris (Fig. 493, i). The organ of attach- 
ment is embedded in the cytoplasm, and can be protruded through the 
anterior end of the body. 

(6) Sub-Family : m aupaselltn .e C4pMe, 1910. 

In this sub-family there are two genera — Maupasella CepMe, 1910, 
and Schultzellina CepMe, 1910 — the members of which agree with one 
another in the possession of a fixing organ at the anterior end of the body 
in the form of a pointed rostrum, from the base of which myoneme fibres 
radiate into the cytoplasm. 

Maupasella nova Cepede, 1910, is a parasite of earth-worms {Lum- 
bricus) of Algiers. It occurs in two forms (Fig. 493, 2 ). There are ovoid 
individuals which are broadest in front, and measure up to 82 by 39 
microns, and also long, narrow forms up to 117 by 18 microns. 

1. Hoplitophrya lumbrici (Dujardin, 1841) (x200), from intestine of Lumbricus terrestris^ 
showing micro- and macro -nucleus, fixation organs, and rows of contractile vacuoles. 
2-2a. Maupasella nova Cepede, 1910 ( x420), from intestine of Lumbricus sp., showing micro- 
and macronuclei, fixation organ, and contractile vacuoles. 

3. Sckultzellinu mucronata Cepede, 1910 ( x 1,000), from intestine of Allurus tetrmdurus, show- 

ing micro- and macro-nucleus and fixation organ. 

3a. Fixation organ on larger scale, 

4. Lachmannella reourva (Clap, and Lach., 1858) ( x 150), from intestine of Planaria limacina^ 

showing nucleus, contractile canal, and fixation organ. 

5. Steinella uncinata (Schultze, 1851) ( x 300), from intestine of Planaria ulvce, showing macro- 

nucleus, contractile canal, and fixation organ. 

6-6a. Discophrya planoriarum (Siebold, 1839) ( x 100), from intestine of Planaria torva, showing 
macronucleus, contractile canal, and terminal sucker. 

7. Haptophrya gigantea (Maupas, 1879) ( x 85), from intestine of batrachians, showing macro- 

nucleus, contractile canal, and sucker. 

7a. H, gigantea reproducing by catenular budding. 

8. Lada wrzesniowskii Vejdovsky, 1882, from the oligochsete worm, Pkeatothrix pragensie, 

showing macronucleus, contractile vacuole, and sucker. 
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SchultzelUna mucronata C 6 pede, 1910, is one of the smallest astomatous 
ciliates (Fig. 493, 3 ). It has an ovoid body which varies in length from 
20 to 30 microns. This ciliate, again, is parasitic in the intestine of an 
earth-worm, Allurus tetrcedurus. 

4. Family: DISCOPHRYID-® C^pede, 1910. 

The ciliates belonging to this family are characterized by the possession 
of a sucker, circular in outline, on the ventral surface of the anterior end 
of the body, and a contractile vacuole in the form of an elongate channel. 
The sucking disc may or may not be provided with a fixing organ (uncinus), 
which in some forms is paired, while the disc may or may not be ciliated. 
C 6 pMe recognizes four genera. The genus Lachmannella CepMe includes 
the single species L, recurm, which has actually no sucker, but possesses 
a single fixation organ or uncinus on the ventral face of the anterior region 
of the body (Fig. 493, 4 ). The genus Steinella C 6 pede, including the 
species S, uncinata, has a ventral sucker with two fixation organs, while 
the two genera Discophrya Stein and Haptophrya Stein have no uncini, 
but possess ventral suckers. In the former genus the sucker is bordered 
by a single row of cilia and in the latter by a double row (Fig. 493, 6-7). 
The members of the three first-named genera are parasitic in turbel- 
larians, while those of the genus Haptophrya occur in newts. H, gigantea 
Maupas, which may reach a length of 1,260 microns, sometimes gives rise 
to chains of individuals 1,600 microns long (Fig. 493, 7 and 7 a). 

5. Family : LADIDJE Cepede, 1910, 

The single member of this family, Lada wrzesniowskii, resembles the 
members of the preceding family in the possession of a sucking disc, which, 
however, has a thickened ciliated horseshoe-shaped rim (Fig. 493, 8 ). 
It is parasitic in an oligochaete worm. 

Parasites of the Liver. 

6 . Family: CEPEDELLID.® Cepede, 1910. 

This family includes the single genus Cepedella, with the one species, 
0. hepatica Poyarkoff, 1909, which occurs in the liver of cyclad molluscs 
(Sphcerium corneum). The body is pear-shaped and pointed at the anterior 

1, Cepeddla hepatica Poyarkoff, 1909 ( x 1,609), parasitic in liver of the mollusc, Sphcerium 

corneum* 

la. C* hepatic^., dividing form ( x 2,000). 

2. Herpetophrya astoma 8iedlecki, 1902 ( x 600), from body cavity of Polymnia sp. 

3. Perezella pda^ica C6pede, 1910 ( x 500), from body cavity of marine copepods, showing micro- 

and macronucleus and single posterior contractile vacuole. 

4, Orchitophrya stellarum C6pMe, 1907 ( x 1,300), from the genital glands of the echinoderm 

Aeteracanthion (Aeterias) rubena, 

6. Protophrya ovicola Kofoid, 1903 ( x 600), from the brood sac and ovaries of the mollusc, 
Littorirm rudis — ^two individuals in a tissue space. 

6, Collinia branchiarum (Stein, 1852) ( x 800), from body cavity of Oarnmarus pulex. 
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end, where there is a fixing organ in the form of a concavity from which 
myonemes radiate (Fig. 494, i). The ciliate is 16 to 26 microns in length. 

Parasites of the CcBlom. 

7. Family: HERPETOPHRYID^E Cepede, 1910. 

There is but one genus and one species in this family, Herpetophrya 
astoma Siedlecki, 1902, which is parasitic in the body cavity fluid of an 
annelid worm of the genus Polymnia (Fig. 494, 2). The ciliate has an 
ovoid body, at the narrow anterior end of which is a pointed, mobile, 
tactile cone. 

8. Family: PEREZELLID^ Cepede, 1910. 

This family, again, contains but a single genus with one species, 
Perezella pelagica C6pMe, 1910 (Fig. 494, 3). The ciliates measure up to 
76 microns in length. The shape of the body is ovoid except for the 
fact that the ventral surface is excavated to form a large sucker. The 
ciliates occur in the body cavity fluid of various copepod Crustacea {Clausia 
elongata^ Acartia clausi, and Paracalanus parvus). C6pMe has noted 
what appear to be encysted forms of the ciliate attached to the legs of 
infected Crustacea. 

9. Family: COLLINIID^, C4pede, 1910. 

The members of this family have frequently been ascribed to the 
genus Anoplophrya, from which C4pede has separated them in the genus 
Collinia C4pede, 1910. The members of the genus are parasitic in the 
body cavity fluids of fresh*water Crustacea {Gammarus, Asellus, Neoni- 
phargus). They have ovoid bodies devoid of cytostome, a small number 
of longitudinally arranged rows of cilia, and contractile vacuoles which 
vary in number according to the size of the body. 

Collinia branchiarum (Stein, 1852) is parasitic in Gammarus pulex ; 
C. neoniphargi C6pede, 1910, in Neoniphargus moniezi; and C. circulans 
(Balbiani, 1885), in Asellus aquaticus. The largest form is C. branchiarum, 
which reaches a length of 120 microns, while 0. circulans varies in length 
from 16 to 50 microns. C. neoniphargi reaches a length of 60 microns. 

The first form noted was seen by Stein (1852) in the body cavity of 
Gammarus pulex, and was named by him Opalina branchiarum, (Fig. 494, 6). 
Balbiani (1885) discovered a similar parasite in Asellus aquaticus, and 
named it Anoplophyra circulans. A third was recorded from Neoni- 
phargus moniezi by C6pkle (1910), who placed it in the genus Collinia as 
C. neoniphargi. He also placed in this genus the two species previously 
described. The differences between the three species are merely those 
of size, and as Brumpt (1913rf) points out, it must be doubtful if this is 
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Fig. 495. — Collinia hrancMamm : Various Stages in C'onjugation ( xc«. 2,000). 

(After Collin, 1909.) 

1 *7. Changes in macronucleus and multiplication of micronucleus till four are present in each 
ciliate. 

8-9. One of the daughter micronuclei in each ciliate increases in size and divides, while the 
others degenerate. 

10. Three of the daughter micronuclei have degenerated, while one divides to form the con- 
jugating nuclei. 

11-12. The migratory nucleus passes over and unites with the stationary nucleus. 

13-16. The single nucleus divides, and eventually four are produced in each conjugant. The 
macronuclei, much elongated, lie parallel to one another across the point of union of 
the conjugants. At this stage the conjugants separate, each receiving a half of each 
macronucleus. 

17. One of the separated conjugants. The macronuclei degenerate, while one of the micro- 

nuclei enlarge to form a new macronucleus. 

18. The ciliate divides after division of the macronucleus. The micronuclei do not divide, so 

that one daughter individual has two micronuclei and the other only one. The one with 
two micronuclei presumably divides again in a similar manner, producing two ciliates, 
each with one macronucleus and one micronucleus. The ciliates then multiply in the 
usual manner after division of both nuclei. 
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a sufficient basis for separating them. The macronucleus is an elongate 
structure, and near it is a micronucleus. Several contractile vacuoles 
are present. Cepede (1910) gave the measurements of C. hranchiarum as 
reaching 120 microns, C. neoniphargi as 60 microns, and C. circulans as 
16 to 50 microns. Reproduction by equal binary fission or by a budding 
process leading to chains of buds occurs, while conjugation has been 
studied by Collin (1909) in 0. branchiarum, and by Schneider (1885) and 
by Brumpt (1913d) in C. circulans. 

According to Brumpt, active multiplication by binary fission precedes 
the conjugation process in C. circulans, so that small individuals measuring 
about 10 by 7 microns result. During conjugation of C. circulans and 
C. hranchiarum two ciliates become associated, and their micronuclei divide 
twice to form four nuclei, while the macronuclei elongate (Fig. 495). 
Three of the small nuclei in each individual degenerate, while the remain- 
ing one divides again. Each individual has now two small nuclei and 
an elongate macronucleus. One of the small nuclei of each conjugant 
then passes into the other and unites with its stationary nucleus. At the 
same time the elongate macronuclei become arranged side by side, so 
that they extend across the point of union of the conjugants. The point 
of union then becomes narrower and the ciliates separate. In so doing 
they cause the macronuclei to divide, so that each ciliate acquires half of 
each macronucleus. The two half macronuclei in each ciliate now become 
roughly spherical and gradually disintegrate. The synkarion formed by 
the union of the two micronuclei now divides, and the two nuclei so formed 
divide again to give four micronuclei. Of these four, two degenerate and 
disappear. One becomes transformed into the new macronucleus, while 
the other remains as the micronucleus. It is probable that at the nuclear 
division which immediately precedes the conjugation of the micronuclei 
the number of chromosomes is reduced, but Brumpt makes no mention 
of this in C. circulans. 

In the case of C. hranchiarum, Collin (1909), who was the first to 
describe accurately the process of conjugation, noted that the number of 
chromosomes in the micronuclei of ordinary dividing individuals was six. 
In conjugation at the first division of the micronucleus each of the six 
chromosomes divides, so that each daughter nucleus has six. At the 
second division the chromosomes do not divide, but three pass to each 
daughter nucleus, so that the number is halved. This is the true reducing 
division. At the next division each of the three divides, so that the 
daughter nuclei, which are the conjugating nuclei, again have three 
chromosomes. When the nuclei unite, the resulting synkarion has six 
chromosomes, and this number is maintained at all subsequent divisions 
till the next conjugation occurs. In view of the fact that they ultimately 
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degenerate, it is dijficult to account for the behaviour of the macronuclei 
during conjugation as described by Schneider, Collin, and Brumpt. 

Under certain circumstances the ciliates become encysted, and it is 
evident that these stages are responsible for the spread of infection 

10. Family: PROTOPHRYID^ Cepede, 1910. 

This family includes the forms Protophrya ovicola Kofoid, 1892, and 
Isselina intermedia Cepede, 1910, which are parasitic in molluscs of the 
genus Littorina (Fig. 494, 5). The former occurs in the uterus and the 
latter in the mantle cavity. In these forms food is apparently ingested 
through an opening (cytostome) at the posterior end of the body. 

11. Family: ORCHiTOPHRYiDuE Cepede, 1910. 

This family was established by Cepede to include the genus Orchi- 
tophrya, which contains the single species 0. stellarum, parasitic in the 
reproductive glands of the star-fish. Aster acanthion (Asterias) rubens 
(Fig. 494, 4). 

(2). Suh-Order: Stomatea. 

In this sub-order are included ciliates which have the body either 
completely, or only partly, covered with cilia, which vary little in length 
and thickness in different regions. Furthermore, a cytostome is present, 
and this is either devoid of cilia and capable of being closed during the 
intervals between feeding {Section 1 .* GYMNOSTOMATA, Biitschli, 1889), 
or it is permanently open and has within it cilia, which may be fused to 
form a membrane {Section 2 ; TEICHOSTOMATA, Biitschli, 1889). Amongst 
the Gymnostomata are found free-living ciliates belonging to the genera 
Chilodon, Holophrya, Nassula, Didinium, Prorodon, ColepSy Lacrymaria, 
and others, and certain parasitic forms, such as BiUschlia, Ichthyophthirius, 
and possibly others, such as Blepharosphcera and Blepharocodon and their 
allies. Amongst the Trichostomata there are numerous free-living ciliates 
belonging to the well-known genera as Paramecium, Pleuronema, Glau- 
coma, Colpoda, Colpidium, and parasitic forms, such as Isotricha, Dasy- 
tricha, and others. Many of these parasitic forms from the stomach of 
cattle or the caecum of horses require further investigation from the point 
of view of the arrangement of the cilia in and around the cytostome. 

Genus: Chilodon Ehrenberg, 1833. 

The ciliates belonging to this genus are of interest, for the skin of fish 
may be heavily infested with them, and though they do not penetrate 
the skin, they may occur in such numbers on the gills that respiration is 
impaired. Certain forms have been seen in dysenteric or diarrhoeic 
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stools of human beings, but there is no evidence that the ciliates actually 
occurred in the human intestine. It is possible that they may pass 
through the intestine in the encysted condition, and give rise to cultures 
in the fsBces. 

A typical member of the genus, such as Chilodon cucullulus, has a dorsal 
and ventral surface, the former being convex and the latter flat (Fig. 496). 
Observed from above, the outline of the body is not symmetrical, for 
one side is straight or slightly concave, while the other is convex. It is 



Fio. 496. — Chilodon cullulus : Ventral and Side View (x ca. 3,000). 

(After Sciiewiakoff, 1896, and Stein, 1859.) 

almost kidney-shaped in outline, but the anterior end is broader than 
the posterior. The anterior margin forms a thin lip, which passes along 
the convex left margin of the body and loses itself near the posterior 
end. The whole of the ventral surface is covered with cilia, as also the 
margins^of the dorsal surface. Towards the anterior end of the ventral 
surface is the cytostome leading to a straight or slightly curved oeso- 
phagus, which is supported by longitudinal bars representing thickenings 
of the cytoplasm. They are known as trichites, while the part of the 
oesophagus where they occur is called the oral basket. There is an 
ovoid macronucleus and a small micronucleus. The ciliates produce 
spherical cysts. 
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Ehrenberg (1833) recognized a form, Chilodon uncinatus, and placed 
in this genus as C. cucullulus the ciliate named Kolpoda cucullulus by 
0. F. Muller (1773). Fromentel (1874) named a form seen by him C. den- 
tatus, but it seems probable this was actually C. uncinatus, in which 
the supporting apparatus of the oesophagus is continued into the cyto- 
plasm, where it pursues a spiral course (Fig. 497). The division and 
conjugation of C. uncinatus has been studied by Enriques (1908a) and 
MacDougall (1925). MacDougall, as did Kent and Enriques, noted that 
when transverse division takes place the 
old oral basket disintegrates, a new one 
being formed for each of the daughter 
ciliates. When conjugation occurs, the two 
ciliates unite by the oral apertures, but the 
oral baskets degenerate, a new one being 
formed in each ciliate before they separate. 

As regards the nuclear changes during 
syngamy, the micronucleus undergoes 
maturation divisions. In the first of these, 
as noted by Enriques (1908), there are 
four chromosomes, all of which divide. 

The survivor of the two daughter nuclei 
then divides, but on this occasion the four 
chromosomes do not divide, two of them 
passing to each daughter nucleus. One 
of these nuclei degenerates, and the other 
one divides again. The two chromosomes 
both divide, so that the two daughter 
nuclei, which are those which take part 
in the syngamic process, each have two 
chromosomes. After the migrating nuclei 
have united with the stationary nuclei the 
two nuclei which result each have four 
chromosomes, this number, which is the 
diploid number, being retained through all the subsequent divisions of 
the ciliates. MacDougall noted that in a certain large race of C. uncinatus 
the diploid number of the chromosomes was eight, and that the 
conjugating nuclei each had four. The individuals of this race resembled 
those of the race with half the number of chromosomes in every detail 
except size. As this form appeared in a culture of the smaller type, 
it appeared probable that it had resulted from a conjugation in which 
for some reason the reduction in the number of chromosomes had not 
taken place. 



Fig. 4^1, Chilodon uncinatus 

AS SEEN WHEN FlXED AND 

Stained ( x ca. 2 , 500 ). (After 
MacDougall, 1925 .) 

The oesophagus is supported by rods 
(trichites), the whole forming the 
oral basket. Posteriorly the trichites 
merge into the w^all of the oesopha- 
gus, which takes a spiral course in 
the cytoplasm. The cilia are not 
shown, though their point of inser- 
tion are indicated by dots. 
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Guiart (1903) identified as C. dentatus (C. uncinatus) a ciliate which 
he saw in a dysenteric stool in France. Suspecting that the ciliates might 
have had an extraneous origin, a fresh specimen was obtained, and in this 
no ciliates were found. Some of the material, however, placed in sterile 
water produced a rich culture of the ciliate, an observation which suggests 
the presence of encysted forms in the fseces. 

Manson and Sambon (1909) recorded the presence of C. uncinatus 
in the stool of a case of schistosomiasis. There is no evidence that it 
was present in the freshly-passed stool. 

SelenefiE (1910) ascribed to the genus Chilodon a ciliate which he claimed 
to have found in the prostatic secretion of four patients who were suffering 
from urethritis. The ciliates were said to be present in the secretion after 
the urethra had been irrigated and the prostate compressed. It seems 
not improbable that the irrigating fluid may have been contaminated with 
a common free-living ciliate. 

As regards the forms which infest the skin of fish, these may be the 
well-known species. On the other hand, two of them have been given 
specific status — C, cyprini Moroff, 1902, and C. hexastichus Kiernik, 1909. 
According to the descriptions, they differ from C. uncinatus in minor 
details only. 

Qenus : Colpoda 0. F. Muller, 1773. 

The ciliates belonging to this genus, several species of which are 
known, are very common organisms in stagnant water and moist earth, 
and it is not surprising that faecal material received into vessels which 
are not sterile may become contaminated. This is all the more likely to 
occur, as the various species of Colpoda readily encyst; in fact, the ordinary 
reproduction by fission takes place in the encysted condition, as first 
shown by Stein (1854). The ciliates are bean-shaped and flattened 
dorso-ventrally (Fig. 498). The cytostome lies at the end of a groove 
on the right-hand side of the ventral surface in front of the middle of 
the body. The posterior margin of the groove is armed with a row of 
long cilia, which are flexible only at their distal ends. The flexible ends 
protrude beyond the margin of the body, and form a backwardly directed 
tuft or brush. The anterior margin of the groove is furnished with short 
cilia. Cilia are also present in the cytopharynx and round the margin 
of the cytostome. The side of the body in front of the cytostomal 
groove is notched or lobed, each notch corresponding with one of the 
longitudinal rows of cilia which cover the body. The part of the body 
in front of the cytostome is much thinner dorso-ventrally than the part 
behind it, which is more globular in shape. There is a contractile vacuole 
at the posterior end. The macronucleus, situated in the posterior thicker 
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half of the ciliate, is an elongate or spherical structure possessing a central 
deeply-staining spherical body resembling a karyosome. Sometimes 
several smaller bodies of a similar nature are present in addition. Near 
the macronucleus is the small micronucleus. A form seen by Schulz 
(1899) in human fseces in Germany was identified by him as C. cucullus 
Ehrenberg. Yakimoff and Kolpakoff (1921) identify as C, steini Maupas 
a form in human faeces in Eussia. There is no reason to suppose that 
either of these is parasitic. 



Fig. 498 . — Colpoda steini (A) and Colpoda cucullus (B); Ventral Views ( x 1,500) 

(Original.) 


Species of Colpoda rapidly appear in water in which hay is placed. 
They grow readily in this infusion, as also on the surface of agar plates, 
where they live by ingesting bacteria. Unlike the majority of ciliates, 
they multiply only in the encysted condition. 0. steini, which has 
been studied by the writer, when about to divide, becomes roughly spherical 
in form, and, revolving continuously, secretes around itself and beyond its 
cilia a clear transparent cyst which measures from 12 to 32 microns in 
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diameter (Figs. 38 and 499). The macronucleus and the micronucleus 
divide, after which the ciliate itself is split into two. A new contractile 
vacuole appears in one half. Division of the nuclei again takes place in 
each of the daughter forms, which then divide. New contractile vacuoles 
appear in those which have not acquired the ones present in the parent 
form. During the whole of this process the contents of the cyst are 
revolving by the action of the cilia which are not lost at any stage. After 
the four ciliates are formed, some time is occupied in their complete re- 
organization, after which their movement becomes increasingly violent till 
the cyst is ruptured and they escape. The whole process occupies about 
six or seven hours. Cysts of a purely protective nature are also produced. 
These have thick walls, and can withstand prolonged desiccation. The 
writer has seen two ciliates become attached to one another by their 
cytostomes and form a common cyst. Though the subsequent changes 
were not followed, it seems probable that this represented the commence- 
ment of syngamy. 

According to Enriques (1908), there are three species of Colpoda, which 
can be distinguished from one another by the number of lobes in the pre- 
cytostomal region, the character of the macronucleus and its karyosome, 
and the size of the body. 

C. cucullus is 40 to 100 microns in length, and has nine to ten lobes in 
the frontal region. The macronucleus is spherical, and possesses a lobed 
“ karyosome ” (Fig. 498, B). 

C. maupasi is 35 to 70 microns in length, and has six to seven lobes 
in the frontal region. The macronucleus resembles that of C. cucullus, 

C, steini is 23 to 48 microns in length, and has six to seven lobes in 
the frontal region. The macronucleus is elongate, and has a spherical or 
ovoid “ karyosome ” (Fig. 498, A). 

Enriques observed conjugation in C, steim, but not in the other forms. 

Genus: Uronema Dujardin, 1841. 

The ciliates belonging to this genus are free-living organisms which have 
ovoid bodies uniformly covered with cilia and, laterally placed on the 
right-hand side of the ventral surface, a buccal cavity provided with a 
membrane. There is a posterior flagellum-like caudal process. They have 
occasionally been described from human fseces, and a ciliate which may 
belong to this genus has been found in the body cavity of small aquatic 
Crustacea. 

Martini (1910) gave the name Uronema caudatum to a ciliate seen 
by him in the stools of a dysenteric case in China. More recently 
Yakimofl (1921) claims to have seen four examples of the infection in 
Russia. There can be no doubt that in these cases the stools had become 
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contaminated with a free-living ciliate, or its cysts, for YakimofE only 
obtained the organism by inoculating culture media with human fasces. 
In fact, Yakimoff’s ciliate does not appear to belong to the genus Uronema, 
while Martini’s is probably a Cyclidium, as noted by Dobell (see Dobell 
and O’Connor, 1921). 

The type species V. marina is ovoid in form, slightly flattened dorso- 
ventrally, and measures 40 to 50 microns in length (Fig. 600 B). The 
anterior end is more pointed than the other. The body is uniformly covered 



Fig. 500 . — Ciliates of the Gtenera Cyclidium and Uronema {xca. 1 , 500 ). 

(Original.) 

A. Cyclidium gUtticoma, B. Uronema marina. 


with longitudinal rows of cilia, while posteriorly there is a caudal process 
which may be as long as the body itself. The cytostome is at the right- 
hand side of the ventral surface. Its opening is surrounded with cilia, 
which are longer than those on the rest of the body, while in association 
with it is a membrane which, by its undulating movements, directs food 
into the cavity. There is a spherical macronucleus, beside which is the 
micronucleus. A contractile vacuole is present at the posterior end of 
the body. 
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CepMe (1910) observed that marine copepod Crustacea were liable to 
be invaded by a ciliate which he named Uronema rabaudi. Not only did 
the ciliate occur in the dead Crustacea, but also in the living ones. 

Genus: CycHdium 0. F. Muller, 1773. 

The ciliates belonging to this genus resemble species of Uronema 
in many respects (Fig. 500, A). They are about the same size, are 
similarly ciliated, and possess a caudal process. There is, however, a 
large peristome, while the membrane is attached to the whole length 
of the right margin, as also to the posterior part of the left margin, 
forming a kind of pocket. A ciliate which was discovered by Mac Arthur 
(1922) in larvae of Theobaldia annulata was ascribed to this genus, but it 
seems probable that the ciliates actually in the larvae belonged to the 
genus Glaucoma, and that a species of Cyclidium was present in the water. 

The ciliates of the genus Pleuronema are very similar. They are 
larger, however, than Cyclidium, have a more extensive membrane, and 
are devoid of the caudal process. 

Genus: Glaucoma Ehrenb erg, 1830. 

The members of this genus are ovoid in form, and from 20 to 80 microns 
in length. They are uniformly ciliated, and have a relatively small 
funnel-shaped peristome provided with a membrane which, in some forms 
at least, has its anterior border strengthened by a finger-like process. At 
the bottom of the peristome is the cytostome. Ciliates of this genus 
are common in infusions and stagnant waters, and they grow readily on 
agar plates. 

It seems probable that the majority of the ciliates which invade the 
body cavities of insect larvsB, and which have been described under various 
names, belong to this genus. 

Mac Arthur (1922) discovered ciliates in the body cavity of larvse 
of Theobaldia annulata in England. They were found in both living 
and dead larvae, the head region of the body containing large numbers 
of ciliates, which extended into the antennae and other appendages 
(Fig. 501). They appeared to have a special predilection for attacking 
the eyes, which became disorganized completely by their activities. 
Though the ciliates which invade the larvae multiply very rapidly 
in the body cavity, they are not entirely parasitic, as they will 
live and multiply indefinitely in water or any suitable medium. It is 
possible that the ciliates were eaten by the larvae, and that in certain 
sick individuals they had penetrated the gut wall and entered the body 
cavity, where, by their rapid multiplication, they had hastened the death 
of the larvae. The writer was able to study this ciliate, which was 
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kindly supplied to him by its discoverer. He was successful in keeping 
cultures in water, hay infusions, and in the liquid on the surface of agar 
plates. It seems probable that in the cultures a mixture of two organisms 
occurred, one of them being a species of Cyclidium and the other a species 
of Glaucoma, probably G. pyriformis. The forms actually present in the 



Fig. 501. — Head of Theohaldia annulata, showing Invasion by Glaucoma 
pyriformis ( x 100). (After Mac Arthur, 1922.) 


larvae (Fig. 602, A) had the usual appearance of G. pyriformis after 
fixation. There was a small buccal cavity in which a minute compact 
body could be detected. It probably represented the shrunken membrane 
and finger-like process which can be seen in the living organism, or 
possibly a second membrane, which is described by some observers. 
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During life the finger-like process, which is attached to the anterior wall 
of the buccal cavity near its opening, pivots about its attachment in 
such a manner that it is sometimes within the buccal cavity and at other 
times outside it and pointing in a direction at right angles to the margin 
of the body. There is a triangular membrane, the attachments of which 
are variously described. It is adherent to the whole length of the finger- 
like process, which may be regarded as a thickening of this margin of 
the membrane. Another margin of the membrane is fixed either to 



Fig. 502. — Glaucoma ^yriformis from the] Head of the Larv^ of Theohaldia 
annulata { X 2,000), (After Mac Arthur, 1922.) 

A. Usual type. B. Dividing form. 


the right lip of the buccal orifice, or, as Mac Arthur figures it, to its 
anterior wall. The other margin of the membrane is free. When the 
finger-like process is pointing outwards the membrane is extended and 
clearly visible, but when it is turned back into the buccal cavity the 
membrane is taken with it. A second and smaller membrane is also 
described as being within the buccal cavity, and capable of being 
extended through its orifice as a tongue-like process. 

The organism reproduces in the usual manner by binary fission 
II. 76 
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(Pig, 602, B). After division of the micro- and macronucleus, a con- 
striction appears at the middle of the body, and two ciliates result. A 
new peristome is formed for the posterior individual, and a new con- 
tractile vacuole for the anterior one. Recently Treillard and Lwoff (1924) 
have found a similar infection of larvae of Chironomus plumosus. The 
ciliate in this case corresponded with Glaucoma pyriformis, so that it is 
possible that the form in the larvae of Theobaldia was this species. Lwoff 
(1924) has shown that if the caterpillar of Galleria mellonella is inoculated 
with a culture of Glaucoma pyriformis, the ciliate reproduces actively and 
brings about a fatal infection. 

A ciliate which was parasitic in the body cavity of the larvae of Aedes 
(Stegomyia) scutellaris in the Malay States was discovered by Lamborn 
(1921). Keilin (1921a) examined fixed material which was sent him, and 
proposed the name Lambornella stegomyice for the ciliate. The infected 
larvae were noted by Lamborn to be paler than healthy ones, while none 
of them reached maturity. The ciliates occurred in all parts of the body 
cavity, and extended especially into the siphon and gills. According to 
Keilin, they varied in length from 50 to 70 microns, with a breadth of 
30 to 40 microns. There was a rounded macronucleus and a micro- 
nucleus. A small structure seen at one side near the anterior end of the 
body was taken for the cytostome. It seems to the writer that this 
structure is actually something within the peristome, for an exactly 
similar body was seen in the same position in ciliates within fixed 
Theobaldia larvae infected with the organism described above. It is 
possible that this structure is actually the retracted finger-like process. 
On the outside of the cuticle of one larva Keilin observed certain 
flattened cysts 30 to 40 microns in diameter, which he concluded were 
cysts of the ciliate. Keilin, who only examined imperfectly fixed 
material, was unable to make out the details of structure which are 
essential for the identification of a ciliate, so that his genus Lambornella 
is actually without definition. It is quite possible that the ciliate is the same 
as the one discovered by Mac Arthur in the larvae of Theobaldia, and 
Treillard and Lwoff in larvae of Chironomus plumosus, but till more 
accurate details are forthcoming it will be impossible to settle this 
point. 

Another parasitic ciliate is Glaucoma parasiticum, which Penard (1922) 
discovered in the gills of the aquatic crustacean, Gammarus pulex. It 
varied in length from 35 to 70 microns, and it appears to resemble closely 
Glaucoma pyriformis. 

Lichtenstein (1921) described as Ophryoglena collini a much larger 
ciliate, which was parasitic in ephemerid larvae {Bcetis). It was ovoid in 
form, and measured 200 to 300 by 120 to 230 microns. It destroyed the 
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tissues of the body, especially those of the generative organs. The cyto- 
stome (? peristome) is a small horseshoe-shaped aperture towards the 
anterior end of the body. There is an undulating membrane in the 
cytopharynx, and a retractile structure shaped like a watch-glass on the 
left side of the cytostome. There was a large sausage-shaped macro- 
nucleus and a small micronucleus. 

Genus: Ichthyophthirius Fouquet, 1876. 

The ciliates belonging to this genus are parasitic in the skin of fish. 
There is an anterior cytostome, the ovoid body is covered by longitudinal 
rows of cilia, and multiplication takes place within cysts by repeated 
binary fission. 

Ichthyophthirius multifiliis Fouquet, 1876. — This is a ciliate which 
produces a cutaneous pustular eruption on the skin of various fresh- water 
fish (Fig. 503). The ciliate fixes itself to the skin and gradually becomes 
embedded in the epidermis. As it increases in size, a tiny white pustule 
is produced. Eventually this ruptures, and the enclosed ciliate and other 
contents are discharged into the water. When the fish are heavily in- 
fected, as is sometimes the case, the whole body is covered with the 
pustules, and when the gills are involved, the health of the fish is seriously 
impaired. 

The ciliate is egg-shaped, and measures from 500 to 800 microns in 
length (Fig. 503, i). There is a small cytostome leading to a short 
oesophagus at the anterior and more pointed end, and a cytopyge at 
the posterior end. The body is uniformly covered with longitudinal rows 
of cilia, and there are numerous superficial contractile vacuoles. There 
is a large horseshoe-shaped nucleus, but a micronucleus has not been seen 
in the fully-grown forms. 

There is some doubt as to whether multiplication of the ciliate can 
take place within the pustules, for the presence of two parasites in a single 
pustule, as sometimes occurs, may be merely an indication of an invasion 
of one spot on the skin by two ciliates (Fig. 503, 5). When the pustule 
ruptures, the fully-grown ciliate escapes into the water, sinks to the 
bottom, and becomes enclosed in a thick gelatinous sheath or cyst, within 
which multiplication by repeated division takes place. In this manner 
is produced a very large number (100 to 1,000) of small ciliates 30 to 50 
microns in length (Fig. 503, 2-4). Each possesses a single contractile 
vacuole, an ovoid macronucleus, and a small spherical micronucleus. 
The micronucleus, which is not evident in the fully-grown form, is 
described as arising from the macronucleus in the course of the nuclear 
divisions within the cyst. It is supposed by Biitschli (1882-1889), 
Neresheimer (1908), and Prowazek (1920) that the micronucleus divides 
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Tig. 503,—Icht1iyophthiriu8 muUifiliis from thr Skin of Fish. (1-3, After Butschli, 
1887-1889; 4-5, after Doflein, 1901.) 

1. Adult ciliate( x 76). 2. Mature cyst filled with daughter ciliates ( x 76). 

3. One of daughter ciliates from cyst more highly magnified. 4. Section through a cyst. 

6. Section of skin of carp, showing two ciliates in a vacuole. 

the fish, which they penetrate by performing a continuous rotary move- 
ment at one spot. Embedded in the skin, they grow into the adult 
form within the pustules. 


Genus: BUtschlia Schuberg, 1888. 

The ciliates belonging to this genus are parasitic in the rumen of cattle, 
where they were first noted by Schuberg (1888), or the caecum of the 
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horse, as described by Bundle (1895). A typical organism is egg-shaped, 
and' there is a terminal cytostome leading to a short oesophagus. A large 
spherical nucleus is present, and also a contractile vacuole. Schuberg, 
in the case of B. parva, could detect cilia only at the anterior end of the 
body, but later observers believe that the whole body is covered with 
them. Three species have been described from the stomach of cattle and 
one from the caecum of the horse (Fig. 504, 1 - 2 ). 

Genus: Holophryoides Gassowsky, 1919. 

This genus contains the single species, H. ovalis, which occurs in the 
caecum and colon of the horse. Fiorentini (1890), who first saw it, placed it 
in the genus Paraisotricha. Gassowsky (1919) established the new genus 
for its reception. It appears to be closely related to members of the 
preceding genus. The ciliate, which measures 95 to 140 microns in length 
by 65 to 90 microns in breadth, has an ovoid or ellipsoidal body, which is 
covered with cilia (Fig. 504, 3 ). There is a cytostome at the conical 
anterior end, and a cytopyge at the posterior end, near which lies the 
single contractile vacuole. The macronucleus and micronucleus are at 
the centre of the body. 

Genus: Blepharozoum Gassowsky, 1919. 

There is a single species, B, zonatum^ which was seen by Gassowsky 
(1919) in the caecum of the horse (Fig. 504, 4 ). The body, which measures 
230 to 245 by 115 to 122 microns, is ovoid and covered with fine cilia. 
When the ciliate swims the cilia are uniformly active, except along two 
bands or zones which encircle the body, so that there are three regions in 
which the cilia are in movement. The cytostome is near the blunter end 
of the body, and there is a posterior cytopyge. There are two to four 
contractile vacuoles. 

Genus: Prorodonopsis Gassowsky, 1919. 

The single member of this genus, P. coli, inhabits the colon of the 
horse (Fig. 504, 5 ). It is ovoid in shape and covered with cilia. The 
cytostome is at the anterior, more pointed end, and there are two or three 
contractile vacuoles. The ciliate measures 55 to 67 by 38 to 45 microns. 

Genus: Paraisotrichopsis Gassowsky, 1919. 

This genus, of which there is a single species, P. composita, is ovoid in 
shape and uniformly ciliated (Fig. 504, 6 ). There is an anterior cyto- 
stome, near which commences a groove which takes a somewhat spiral 
course to the posterior end of the body. The ciliate, which measures 
43 to 56 by 31 to 40 microns, occurs in the caecum of the horse. 




Fig. 604. Holotrichous ciliates from the Intestine of Cattle and Horses. 
(1 AND 9, After Schtjberg, 1888; 8, after Eberlein, 1895; 2, after Bundle, 
1896; 3-7, after GtASSOWSky, 1919.) 


[For description see opposite page. 
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Genus: Blepharoconus Gassowsky, 1919. 

The single representative of this genus, B, hemiciliatus, occurs in the 
colon of the horse (Fig. 604, 7). It is somewhat conical in shape, and 
measures 83 to 135 by 45 to 65 microns. The cilia are limited to the 
anterior part of the body, and to the region around the posterior cytopyge. 
This form resembles Bundle’s BiUschlia 'postciliata, which differs from the 
more typical members of the genus in not having a complete covering 
of cilia. 

Genus: Isotricha Stein, 1858. 

There are two species of this genus, both of which were described 
by Stein (1858) from the stomach of cattle and sheep. The organisms 
are ovoid, with rounded anterior and more pointed posterior ends 
(Fig. 504, 8). The body, which is somewhat flattened, is covered with 
cilia, and there is a cytostome either at the anterior end or laterally placed. 
A large, elongate macronucleus lies longitudinally in the anterior region 
of the body, and close to it is a small micronucleus. There are many 
contractile vacuoles distributed superficially at the central part of the 
body. An anal aperture is present at the posterior end. The organisms 
are from 70 to 150 microns in length. 

Genvs: Dasytricha Schuberg, 1888. 

There is a single species of this genus, which is also a parasite of the 
rumen of cattle and sheep, where it was first seen by Schuberg in 1888 
(Fig. 504, 9). D, ruminantium is very similar to the species of Isotricha, 
but differs in that the body is more regularly ovoid. It is covered with 
cilia, and has an anterior cytostome leading to a curved oesophagus. 
The macronucleus is a small curved body, and near it is a micronucleus. 
There is a single contractile vacuole. An anal aperture occurs at the 
posterior end of the body. 

Genus : Didesmis Fiorentini, 1890. 

Two species of this genus were described by Fiorentini (1890) from 
the caecum of the horse. They have somewhat quadrangular bodies, 
while at the anterior end is a round ciliated depression in which the 


1. Biitschlia parva from the stomach of the ox ( x ca. 1,000). 

2. B, postciliata from the ceecum of the horse ( x ca. 1,000). 

3. Holophryoides ovalis from the caecum of the horse ( x 300). 

4. Blepharozoum zonatum from the caecum of the horse ( x 175). 

5. Prorodonopsis coli from the caecum of the horse ( x 600). 

6. Paraisotrichopsis composita from the caecum of the horse ( x 550). 

7. Blepharoconus h^emiciliatus from the caecum of the horse ( x 300). 

8. Isotricha intestinalis from the stomach of the ox ( x 400). 

9. Dasytricha ruminantium from the stomach of the ox ( x 1,000). 



Fig. 606. — Holotrichous ciliates from the Cjecum of the Horse. 
(After Bundle, 1896.) 

1. Dideamia ovalia { x 2,000). 2. Blepharoaphcera inteatinalia ( x ca, 600). 

3. Blepharoproathium pireum ( xca. 4,000). 4. Bhpharocodon appendiculatua ( x ca, 1,400) 

5, EUpharocorya urtcinakt ( x ca, 2,000). 
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cytostome occurs (Fig. 505, i). An anal aperture surrounded by cilia is 
present at the posterior end. There is a macronucleus and a micro- 
nucleus, and contractile vacuoles are present. 

Genus : Blepharosphsera Bundle, 1895. 

A single species was described by Bundle (1895) from the caecum of 
the horse (Fig. 505, 2). The body is spherical, and covered with longi- 
tudinally arranged rows of cilia. There is a round ciliated depression at 
the anterior end of the body. The macronucleus is a small structure 
in the anterior region, and a single contractile vacuole is present. 

Genus : Blepharoprosthium Bundle, 1895. 

A single species was described by Bundle (1895) from the caecum of 
the horse (Fig. 505, 3). The body is elongate, and the anterior end is 
pointed and terminates in a cytostome. The posterior end of the body is 
rounded. There are a macronucleus and micronucleus near the centre of 
the body. The anterior third of the body is ciliated, also the posterior end. 

Genus: Blepharocodon Bundle, 1895. 

The single species of this genus was again described by Bundle (1895) 
from the caecum of the horse (Fig. 505, 4). The body is elongate, and is 
broader anteriorly than posteriorly. At the centre of the ciliated anterior 
end is a protuberance. A rounded macronucleus and micronucleus are 
present. 

Genus: Blepharocorys Bundle, 1895. 

This genus was founded by Bundle (1895) to include certain ciliates seen 
by Fiorentini (1890) and himself in the caecum of the horse. The body is 
ovoid and somewhat pointed at each end (Fig. 505, 5). A cytostome lead- 
ing to an oesophagus is present on one side of the body near the anterior 
end, while at the posterior end is a ciliated region in the centre of which is 
an anal aperture. A curious band-like process projects from the anterior 
end. A large macronucleus and a micronucleus are present at the centre 
of the body. A contractile vacuole is near the posterior end. The region 
of the body between the cytostome and the anterior end is ciliated. 
Jameson (1925) has given the name Charon ventriculi to a ciliate from the 
stomach of ruminants. It resembles members of the genus Blepharocorys ^ 
but the anterior end is more simply organized. 

Genus: Cyathodinium Cunha, 1914. 

This genus was founded by da Cunha (1914a) for ciliates found by 
him in the caecum of wild guinea-pigs (Cavia aperea and C. porcella) 
in Brazil. Three species were described, which differ from one another 
in size and in the shape of the body (Fig. 506, 1-3). In the elongate conical 
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form the peristome is at the anterior region of the body, while in the 
more globular form it is laterally situated. The cilia are limited to the 
region of the peristome. The macronucleus is either spherical or elongate, 
and a small micronucleus occurs beside it. Fantham (1925) records C, 
conicum from the guinea pig (C. porcella) of S. Africa. 


Genus: Paraisotricha Fiorentini, 1890. 

This genus was founded by Fiorentini (1890) for certain ciliates seen 
by him in the caecum of the horse. In many respects they resemble 
species of Nyctotherus, The body is ovoid, and there is a peristome region 
at one side of the body, leading to a cytostome and oesophagus. The 
body is covered with cilia, and there is a rounded macronucleus and a 



Fig. 506 . — Holotrichous ciliates from the C^cum of South American 
Eodents. (After Da Cunha, 1914 and 1915 .) 


1-3. CycUhodinium conicum, C. vesiculoaum, and C. piriforme from the caecum of the wild guinea- 
pig ( X ca. 1,000), 4. Paraisotricha hydrochceri iiom the caecum of the oapibara ( x ca. 500). 


micronucleus. Fiorentini (1890) described six distinct species which were 
united into a single species by Bundle (1895). Da Cunha (1915) in Brazil 
recorded two species from the caecum of the capibara, Hydrochcerus capy- 
bara (Fig. 506, 4). 


Genus: Enterophrya Hasselmann, 1918. 

This genus was founded by Hasselmann (1918) for certain ciliates which 
occurred in the caecum of the wild guinea-pig, Cavia aperea, of Brazil. 
The two species are of a somewhat elongate piriform shape. There is 
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no cytostome, and cilia occur only on the anterior part of the body. A 
round macronucleus occurs in the posterior region, and near it is a small 
micronucleus. There is a single contractile vacuole near the macronucleus. 
A ciliated groove starting at the anterior end of the body is a character- 
istic feature. E, elongata measures 30 to 50 microns in length by 3 to 10 
microns in breadth, while E, piriforme measures 35 by 8 microns. 


Genus: Nicollella Chatton and Perard, 1919. 

This genus was founded by Chatton and Perard (1919) for a ciliate of 
the large intestine of the gondi {Ctenodactylus gundi) of Tunis (Fig. 507, A). 



Fig. 507. — Ciliates from Intestine of the Gondi, Ctenodacfijliis gundi ( x 270). 

(After Chatton and Perard, 1919.) 

A. Nicollella ctenodactyli, B. CoUinella gundii. 

There is one species, N, ctenodactyli, which in its fully-grown form measures 
500 to 550 by 150 microns. The organism is uniformly ciliated, and has 
a groove running from the anterior end to the cytostome, which is 
situated at the middle of the body. The posterior extremity is bi-lobed, 
and the contractile vacuole, which is posteriorly situated, opens between 
the lobes. The ovoid nucleus and micronucleus are in the anterior 
region of the organism. Multiplication by oblique transverse division 
takes place. In the material studied there occurred small individuals 
measuring 70 by 40 microns, many of which were in conjugation. 
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Genus: Collinella Chatton and P4rard, 1919. 

Like the preceding genus, this one was established by Chatton and 
P6rard (1919) for a ciliate of the large intestine of the gondi (Fig. 607, B). 
It measures 650 to 600 microns in length, and 100 microns in breadth. The 

body is uniformly ciliated, and a groove 

§ passes from the anterior end of the body to 

the posterior end, where the cytostome is 
situated. The contractile vacuole is near 
the cytostome, while the nucleus and micro- 
nucleus are also in this region. Multi- 
plication by transverse fission occurs. Con- 
jugating forms were also observed. There 
is one species, C, gundi, though, according to 
Chatton and P6rard, Schubotz (1907) observed 
in the hyrax {Procavia capensis) of South 
Africa another ciliate which evidently be- 
longs to this genus. 


Genus: Pycnothrix Schubotz, 1907. 
genus was founded by Schubotz (1907) 
for a large ciliate named by him Pycnothrix 
monocystoides, which he found in the large in- 
testine of the South African hyrax, Procavia 
capensis (Fig. 508). According to Schubotz, 
it may reach a length of 3,000 microns and a 
breadth of 500 microns. The nucleus is a 
spherical or ovoid body in the anterior region 
* of the ciliate. Sometimes a small mass situated 

fig. m».-PyMTix mono- ^ depression of the nucleus can be detected. 
cystoides from the Intes- This has been interpreted as the micronucleus. 
TINE OF Procavia hrucei Schubotz described two grooves which pass 
( X 45). (After Chatton along each side of the body and terminate 

AND Perard, 1921.) posteriorly. Chatton and Perard (1921) 

surface o! the body, are visible, pointed out that these two grooves com- 

In these grooves occur various mence one on each surface of the anterior 
openings, which are regarded as i i. , , i « Tin i 

oytostomes. end 01 the somewhat flattened body, and are 

continuous at the notched posterior end. In 

the grooves are a series of openings which lead into the endoplasm. These 

are regarded as buccal orifices. At the junction of the middle and posterior 

thirds of the body is a pore which lies to the side of one of the grooves. It 

communicates with a system of branching canals which ramify in the endo- 
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plasm. The canals, which are ciliated near 
the orifice, are regarded as an excretory 
system corresponding with a highly developed 
contractile vacuole. The ectoplasm of the 
organism is thick, and consists of three dis- 
tinct layers. The writer examined some of 
Schubotz’ material and found that the organ- 
isms present varied in length from 300 to 
2,000 microns. In the majority of the fixed 
forms the cilia had disappeared and it was 
only in a small number that anything 
like a micronucleus could be detected. 
According to Chatton and P4rard (1921), the 
organism was seen by Brumpt in the intestine 
of Procavia hrucei of Abyssinia, and it was 
this material which was studied by them. 

2. SUB-CLASS : Spirigera. 

(1). Order : HETEEOTRICHIDA Delage and 
Herouard, 1896. 

The typical ciliates included in this order 
(=Heterotricha Stein, 1859) are covered with 
cilia, and possess an adoral zone of spirally 
arranged cilia which are longer than those on 
the body and lead to the cytostome. As in the 
preceding order, the shape of the body varies 
considerably. The species of Spirostomum, 
for instance, are elongate, almost worm-like 
ciliates which are easily visible to the naked 
eye (Fig. 509). They are often seen as white 
threads in stagnant water, and may reach a 
length of 4 or 5 millimetres. The adoral zone 
of long cilia and the cytostome are laterally 
placed at one end of the body, while at the other 
is a large contractile vacuole. There is an 
elongate beaded macro -nucleus, which is 
nearly as long as the body and severiil micro- 
nuclei. Other free-living forms belonging to 
this order are more nearly ovoid in shape, 
while Stentor is cone-shaped (Fig. 22). Several 
species belonging to the genera Nyctotherus 
and Balantidium are parasites of the intestinal 
tract of man and animals. 



Fig. 509. — Spirostomum am- 
higuum, ( x 185), (From 
Mtnchin,1912, after Stein.) 

Nf Macronucleus; o, mouth at 
posterior end of long peristome; 
C.V., contractile vacuole at end 
of long canal (/.c.). 
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Genus : Nyctotherus Leidy, 1849. 

The ciliates belonging to this genus, one species of which has been 
recorded as a parasite of man, are flattened dorso-ventrally and kidney- 
shaped in outline (Fig. 611). There is a notch near the middle of the right 
side of the body which is covered with cilia, and there is an adoral zone 
of cilia on the peristome in front of the notch leading to the cytostome, 
an opening situated in the notch. The cytostome is continuous, with a 
long, curved oesophagus, on the anterior wall of which is a row of 
parallel plates of fused cilia. This row of plates extends in the adoral 
region nearly as far as the anterior end of the body. The genus was 
founded by Leidy (1849) for a parasite of the myriapod, Juliis marginatus, 
to which he gave the name Nyctotherus velox, 

NYCTOTHERUS IN MAN. 

Nyctotherus faba Schaudinn, 1899. — This form was described by 
Schaudinn (v. Jakoby and Schaudinn, 1899) from a case of diarrhoea in a 

man who had come from America. Another cili- 
ate named by Schaudinn, Balantidium minutum, 
was present in the same stool. N.faba is 26 to 28 
microns in length, 16 to 18 microns in breadth, 
and 10 to 12 microns in thickness (Fig. 510). The 
notch or peristome is on the right side of the 
body near the anterior end, and the cytostome 
leading to the short oesophagus is situated at 
the posterior end of the peristome at the middle 
of the body. At the centre of the body is 
a large spherical macronucleus, near which lies 
the small micronucleus. A large contractile 
vacuole is present at the posterior region of 
the organism. Encysted forms were also 
described as ovoid bodies, presumably of the 
same dimensions as the free forms. Sangiorgi 
and Ugdulena (1917) saw a ciliate in the stools 
of a man in Italy which they ascribe to this species, while Pinto (1919) 
claims to have seen the ciliate in Brazil. The organism is probably 
non-pathogenic, and it is very doubtful if it belongs to the genus Nycto- 
therus, The possibility of it being a free-living form does not appear to 
have been excluded. 

Krause (1906) observed in the stool of a typhoid patient a large ciliate, 
which he named Balantidium coli giganteum, Braun (1908) placed it in the 
genus Nyctotherus as N, giganteum, as did also Doflein (1916). The 



Fig. 610. — Nyctotherus f aha 
FROM Human Fasces 
( X ca. 1700). (After 
Schaudinn, 1899.) 
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organism varied in length from 60 to 400 microns, and in breadth from 
60 to 150 microns. Encysted forms were also described. Apart from 
the fact that the shape of the body resembled that of Nyctotherus, there 
is nothing to justify its inclusion in this genus. It is only possible to 
conjecture that it may have been an abnormally large form of the free- 
living Colpoda cucullus, 

Castellani (1905) described a ciliate of an hour-glass shape which he 
saw in the stool of a case of sleeping sickness in Uganda. He gave it the 
name N, africanus^ but there is nothing in the description to warrant 
its inclusion in this genus, or indeed in any other known genus. The 
shape would suggest that it was possibly a dividing form of a Balantidium. 
Gu6rin (1926) states that he has rediscovered N. africanus in the fseces 
of a soldier in E. Africa. It is not clear from his account that the ciliate 
belongs to this genus. 

NYCTOTHERUS IN ANIMALS. 

Nyctotherus cordiformis (Ehrenberg, 1838). — This ciliate is a very 
common parasite of the rectum of the frog, where it is nearly always 
found in association with Opalina ranarum and Balantidium entozoon. 
According to Dobell (1909), it was probably first seen by Leeuwenhoek 
(1683, 1702), but the first clear account was given by Ehrenberg (1838), 
who described it under the name Bursaria cordiformis. It is the most 
readily obtained member of the genus, and occurs in Rana temporaria, 
R. esculenta, Bufo cinereus, Bombinator igneus, Hyla arborea, and possibly 
other frogs and toads. 

As usually seen, N. cordiformis varies in length from 60 to 120 microns, 
and is about half this in breadth (Fig. 511). There is a long oesophagus, 
which passes into the cytoplasm from the cytostome at the middle of the 
right side of the body. The oesophagus, which has a series of parallel 
plates of fused cilia, curves in a backward direction towards the posterior 
portion of the body. In front of the cytostome is the peristome, a slightly 
flattened area on which are the long adoral cilia and a continuation of the 
plates which occur in the oesophagus. The macronucleus is a sausage- 
shaped, curved body anterior to the oesophagus, and a small micro- 
nucleus lies on its concave side. There is a contractile vacuole at the 
posterior end of the body, near which is the anal aperture. The ciliate 
multiplies in the usual manner by binary fission, and at certain times 
encystment occurs. The cyst, which was first described and figured by 
Stein (1867), is an ovoid structure 80 to 90 microns in length, and contains 
a single ciliate. There is no indication that the organism is in any way 
pathogenic. 

N. macropharyngeuSf measuring 350 by 200 microns, and N. magna, 
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660 by 460 microns, are two forms described by Bezzenberger (1904) from 
Asiatic frogs (Rana tigrinay R, hexadactyla, and R, cyanophlyctis)^ 
N, macropharyngeus was seen by Dobell (1910) in R, tigrina in Ceylon, 
as also a new species, N, papillatus, in Bufo melanostictus and Rhacophorus 
maculatus, of the same locality. 

N. ovalis was the name given by Leidy (1849, 1850) to a form which 
occurs in the intestine of the common cockroach, Blatta orientalis and 



Fig. 511 . — Nyctotherus cordiformis fbom the Rectum of the Frog ( x 600 ). 

(Original.) 

Three of the plates of adherent cilia which occur in the cytopharynx are shown at the side. 

B. germanicay and the mole cricket, Gryllotalpa vulgaris. He also saw 
another form, N, velox, in the myriapod, Julus marginatus, Daday (1905) 
and Entz (1913a) have described N, piscicola from the intestine of certain 
fresh- water fish of South America. N, termitis is a form described by 
Dobell (1910) from white ants, Calotermes militarisy of Ceylon. 

Other species of Nyctotherus have been described, and it is evidently 
a common intestinal parasite. 
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Oenus: Balantidium ClaparMe and Lachmann, 1868. 

This genus was founded by Claparede and Lachmann for a ciliate 
which Bhrenberg (1838) had observed in the rectum of frogs, and which 
he had named Bursaria entozoon. The members of this genus, which 
include species in a variety of hosts, both vertebrate and invertebrate, 
have pear-shaped bodies completely covered by longitudinal spirally 
arranged rows of cilia (Fig. 612). At the anterior end of the ventral 
surface is the peristome, a depressed area the anterior or broader end of 
which is at the anterior end of the body, while its narrow posterior end 
is on the ventral surface. The cytostome is an opening in the depression 
of the peristome, and from it extends the oesophagus, which ends blindly 
in the endoplasm. Commencing at the posterior end of the margin of 
the peristome is an adoral row of long cilia. This row passes along the 
right margin of the peristome across its anterior margin, and then back- 
wards along the left margin to a point near which the adoral row started. 
It then passes into the cytostome, and is continued backwards in the 
same spiral manner till it reaches a point half-way down the oesophagus 
on its ventral wall, where it ends. The longitudinal rows of cilia on the 
ventral surface also pass over the posterior margin of the peristome, and 
are continued along the ventral wall of the oesophagus till they meet the 
row of adoral cilia in its spiral course. It seems probable that the longi- 
tudinal rows of cilia on the ventral wall of the oesophagus are fused to 
form a number of membranes. At the posterior end of the body is an 
anal aperture or cytopyge. There are one or more contractile vacuoles. 
The macronucleus may be sausage-shaped or spherical, while a small 
micronucleus is closely applied to it. 


BALANTIDIUM IN MAN. 

A large number of species of Balantidium has been described, especi- 
ally from Batrachians. Two species occur in pigs, and one of these is found 
also in human beings, who are liable to infection with two species. 

Balantidium coli (Malmsten, 1867). — This ciliate was first discovered by 
Malmsten (1867) in two patients suffering from dysentery. He referred to it 
as Paramecium (?) coli. Claparede and Lachmann (1868) transferred it to the 
genus Plagiostoma, while Stein (1860) regarded it as belonging to the genus 
Leucophrya. Leuckart (1861a) discovered a ciliate in the intestine of pigs, 
and considered it as identical with the human form. He suggested placing 
both of them in the genus Holophrya. Stein (1863) came to the conclusion 
that they belonged to the same genus as Balantidium entozoon of the frog, 
and renamed them Balantidium coli, by which name they are now known. 

II. 77 
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Dobell (1920) points out that the discovery of the ciliate in man is often 
ascribed to Leeuwenhoek, owing to a misconception in regard to the flagellate 
Giardia intestinalis, which he was actually describing. Leuckart (1861a, 
1863) found that the organism was very commonly present in the intestine 
of pigs, an observation which was confirmed by Stein (1863) in Germany, 
Wising (1871) in Sweden, Grassi (1881a) in Italy, and by many other 
observers. These animals probably harbour the parasite in all parts of 
the world. Brooks (1903) discovered B, coli in orang-outangs in New 
York, and Noc (1908) and Brumpt (1909) in species of Macacus, One 
of these monkeys was found infected by Stevenson in London. Joyeux 
(1913) observed a species of Balantidium in the baboon (Papio sphinx) 
of French Guinea, and was able to infect another baboon from this one. 
Hegner (1923) in North America has noted an infection in Cebus variegatus 
which came from Brazil. Christeller (1922) found B, coli in the intestine 
of two chimpanzees which had died of dysentery in the Zoological Gardens 
in Berlin. The mucosa of the large intestine was ulcerated, and contained 
the ciliates. As no other cause of the condition could be found, the apes 
were assumed to have died of balantidial dysentery. Ziemann (1925) 
records infections of man, chimpanzees, and Cercocoebus fuliginosus in 
Germany. Da Cunha (1917) saw a Balantidium in a horse in Brazil, and 
noted its resemblance to B. coli. 

Distribution. — B. coli is widely distributed throughout the world, 
and has been recorded from various parts of Europe, Asia, Africa, and 
America. In human beings, infections are most common in individuals 
who come into association with pigs, and there is every reason to believe 
that the ciliate, which is a common parasite of the pig, is the same as that 
which occasionally infects man and monkeys. Walker (1913) points out 
that, in the fifty-six years following Malmsten’s first case in 1857, only 
137 cases of human infection have been recorded. In the Philippines 
alone fifty-seven cases had come under observation. 

Morphology. — B. coli is shaped like an egg or pear (Fig. 512). It 
measures, as a rule, from 50 to 80 microns in length, and has a breadth of 
a little more than two-thirds of its length. Larger and smaller forms 
have been described, and Brumpt gives the measurements as^varying 
from 30 to 200 microns by 20 to 70 microns, while McDonald (1922) gives 
a length of 30 to 150 microns and a breadth of 25 to 120 microns. At the 
anterior end, and arranged somewhat obliquely, is a depression, the 
peristome, which is actually on the ventral surface of the ciliate. With 
the constant changes in shape of the anterior end of the body, the appear- 
ance of the peristome varies. Sometimes it is a wide-open depression; 
at others a longitudinal groove or slit. On its margins is the adoral zone 
of cilia, which pass round it, and eventually through the cytostome into 
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the oesophagus, as described above. According to McDonald (1922), the 
unciliated cytoplasm between the adoral cilia and the lip of the cytostome 
may form a kind of plug, the oral plug, which can completely close the 
opening of the cytostome. The whole body is covered with cilia arranged 
in longitudinal rows in the grooves between the ectoplasmic ridges. These 
rows take a slightly spiral course in such a way that a row which starts 
towards the left of the anterior end of the body passes over the dorsal 
surface towards the right of the posterior end. The cilia on the body are 



Fig. 512 . — Balantidium coli from the Human Intestine ( x 1 , 200 ). (Original.) 


stated by McDonald to be 4 to 6 microns in length, while those of the 
adoral zone measure 8 to 12 microns. A sausage-shaped macronucleus 
lies more or less transversely at the middle of the body, while, close to it, 
and often in a slight depression, is the small micronucleus. There are 
two contractile vacuoles, one at the posterior end and the other near 
the middle of the body. An anal aperture is present at the posterior 
end. The surface of the body, which is longitudinally ridged, is 
limited externally by a fine pellicle, beneath which is a clear ectoplasm. 
The appearance of the endoplasm varies with the state of nutrition. 
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Sometimes there are numerous vacuoles, each of which contains a highly 
refractile globule. At other times the vacuoles contain red blood- 
corpuscles, leucocytes, or other d4bris. McDonald (1922) has described 
in association with the cytostome and adoral cilia a neuromotor system 
of fibres and a co-ordinating centre or motorium, which is embedded in 
the ectoplasm near the oesophagus. Following other workers of the 
Californian school, such as Sharp (1914), Yocom (1918), and Taylor (1920), 
he supposes that this system regulates and co-ordinates the movements 
of the adoral cilia and the peristome region of the body (see p. 120). 

Reproduction is by transverse fission after division of the two nuclei. 
In this process the body becomes constricted and hour-glass shaped. 

The cytostome remains with the anterior 
individual, while a new cytostome is 
formed for the posterior one. Multipli- 
cation takes place in this manner both 
in the lumen of the gut and in the tissues 
in those cases in which the ciliate has 
penetrated the mucosa. 

Walker (1909) described a process of 
sporulation as occurring in the tissues 
of man. Nests of small ciliates occur, 
and Walker believes that these arise by 
a process of multiple segmentation of a 
large one. It would seem more prob- 
able that they had resulted from re- 
peated and rapid binary fissions, and 
not by a process which is not known to 
occur amongst the Ciliata. 

Conjugating stages have been de- 
scribed, and were first depicted by 
Leuckart. According to Brumpt (1909, 
1913c), two ciliates become attached 
to one another by their peristomes and enclosed in a cyst. The exact 
details of conjugation within the cyst have not been worked out, but it is 
supposed that the bodies of the two ciliates fuse. More frequently, single 
individuals become encysted. In this process a ciliate becomes more nearly 
spherical, and secretes around itself a tough cyst wall, which consists of 
two distinct layers (Fig. 513). The cyst appears to be a purely protective 
structure, for no multiplication has been seen to occur within it. The 
ciliate can be seen inside with its cilia in slow movement. The cysts measure 
from 50 to 60 microns in length, and slightly less than this in breadth. They 
are voided in the fesces, and undoubtedly serve to spread infection. 



Fig. 613. — Balantidium coli: En- 
cysted Form, as seen in Living 
Condition in F^ces of Pig 
( X 1,000). (After Dobell and 
O’Connor, 1921.) 

The elongate macronucleus, two vacuoles, 
and an angular inclusion body are 
visible. 
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Pathogenicity. — Though the majority of cases of B. coli infection which 
have been recorded have occurred in subjects suffering from diarrhoea, 
this by no means indicates that the ciliate was the cause of the trouble. 
As Walker (1913) points out, the physician’s attention is only drawn to 
a stool when there is something abnormal. The stools of apparently 
healthy people are not examined. Walker found that of fifty-seven 
cases of infection in the Philippines, only eleven showed diarrhoeic or 
dysenteric symptoms. It appears that B, coli behaves very much like 
Entamoeba histolytica in this respect. It is only a small proportion of 
infected individuals who are so seriously upset that definite symptoms 
are produced. The mortality in 111 cases, according to Strong (1904), 
was 29 per cent. In the fifty-seven Philippine cases. Walker gives the 
mortality as 7 per cent., but states that most of these were latent cases 
without symptoms. He points out that at forty post-mortem examina- 
tions recorded in the literature, ulceration of the large intestine was 
present in thirty-six. It has been noted above that in the case of 
E, histolytica infections, it is probable that there is always ulceration 
of the large intestine, even in carriers without symptoms. It has also 
been demonstrated that persons infected with B. coli may have extensive 
ulceration of the gut without any symptoms having been noted, so that 
it may be suspected that infections of man with B, coli are always asso- 
ciated with ulceration, as in the case of E. histolytica. 

Pathology. — The pathology of balantidiosis has chiefly been studied in 
the Philippines by Strong (1904), Bowman (1909, 1911), Walker (1913), 
and Manlove (1917), and in France by Brumpt (1913c). The ulceration 
produced by B. coli is usually limited to the large intestine, though, as 
in the case of E, histolytica, ulceration of the small intestine may occa- 
sionally occur. Thus Reis (1923) has found that in four cases of balan- 
tidial dysentery of man investigated by him, the ciliates were present in 
the lower part of the small intestine and also in the large intestine. 

The appearance of the large intestine is very similar to that seen in 
amoebic dysentery, and the two conditions can only be differentiated by 
the discovery of their respective parasites (Fig. 514). The ulcers have 
undetermined edges, and the ciliates are found in the cavity of the ulcer 
and also in the tissues surrounding it. They occur in the submucosa, 
muscularis, blood-vessels, and lymph spaces. They are also found in the 
lymphatic glands draining the infected area of the gut, but they do not 
occur in the liver, though Stokvis (1884) recorded the presence of a ciliate 
which he regarded as B. coli in material coughed up from the lung. It was 
presumed that a liver abscess had ruptured into the lung. In the lesions 
there is a tendency for the ciliates to be arranged in groups. They can be 
recognized in sections as compact bodies 50 to 80 microns in length, with 



1206 


ORDER: HETEROTRICHIDA 


large sausage- shaped macronuclei which stain intensely with hsematoxylin 
and other stains. Careful observation will show the cilia, cytostome, and 
other features of the parasite, so that there should be no difficulty in^ recog- 
nizing them in sections. Walker states that they enter the mucosa in the 
first place in a mechanical manner by forcing their way into the tissues 
through the epithelium between the gland openings, and not after entering 
the glands. They penetrate deeply and multiply by binary fission. A 



Fig. 514. Balantidial Ulceration of the Large Intestine of Man ( x 780) 

(Original.) 


Section through the margin of a large ulcer, showing Balantidium colt extending in the submucosa 
into regions where the superficial mucosa is still intact. The limit of the ulcer is where the 
mucosa commences at the lower part of the right-hand side of the drawing. The muscular 
layers of the intestine are on the left ( x 780 ). 


necrosis of the tissues is produced, and eventually an abscess is formed, 
which bursts into the lumen of the intestine and gives rise to the open ulcer. 

Marshall (1911a) stated that he had cultivated an organism like 
B. coli while attempting to grow Leishmania donovani from a case of 
kala-azar post-mortem in the Sudan. Maliwa and Haus (1920) claimed 
to have seen it in the urine of a woman, and to have discovered it also 
in the bladder and ureter after death. Hinkelmann (1919) stated that 
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he had cultivated the ciliate from the peripheral blood of a case which 
showed it in the urine. It is difficult to account for these records unless 
it be assumed that the supposed B. coli were free-living ciliates which had 
contaminated the materials examined. 

Susceptibility of Animals. — As already pointed out, S. coli occurs in 
the pig and monkey. Wising (1885), Grassi (1888a), and others have 
held the view that the ciliate of the pig is a distinct species, but the 
experimental evidence adduced by Brumpt (1909) and Walker (1913), and 
the fact that a large proportion of infected human beings are known to 
have been in a position to acquire their infections from pigs, makes the 
identity of the two almost certain. 

Brumpt (1909) experimented with the ciliates of the pig, and those 
seen in six monkeys (Macacus cynomolgus) which had come to France 
from Indo-China. It was demonstrated that the ciliates of the monkey 
could be handed on to other monkeys, and also to young pigs. It was 
also shown that the naturally occurring ciliate of the pig could be inocu- 
lated to monkeys. Walker (1913) published accounts of further experi- 
ments. Of five monkeys, either fed or injected per rectum with B. coli 
from human cases, two became infected. Furthermore, of seventeen 
monkeys similarly treated with B. coli from the pig, twelve became in- 
fected. Only three of these monkeys showed B. coli in the tissues at 
post-mortem examination. It thus appears evident that human beings, 
monkeys, and pigs, as hosts of B. coli, are interchangeable. Several 
observers have, however, failed to produce infections in monkeys and 
pigs with B. coli of human origin, as also in rabbits and dogs. It is 
generally supposed that B. coli in pigs does not cause any lesions of the 
gut, but in one of the pigs infected by Brumpt there was diarrhoea asso- 
ciated with blood and mucus, and the ciliates in the stool contained red 
blood-corpuscles. At autopsy, lesions of the large intestine were found. 
The monkeys infected by Brumpt showed no gut lesions, but these were 
present in Walker’s experimental infections. In the naturally occurring 
case seen by Stevenson in a Macacus in London, there was no evident 
ulceration. In sections of the gut, however, the ciliates were seen in 
places to be closely applied to the mucosa, or even sunk in depressions 
of its surface. 

Culture. — Most of the attempts which have been made to cultivate 
B. coli have been unsuccessful. Barret and Yarbrough (1921), however, 
have reported the successful culture of the ciliate for over thirty-two days, 
during which eleven subcultures were made. The medium employed 
was a mixture of one part of inactivated human serum and sixteen parts of 
0*5 per cent, salt solution, the mixture being faintly alkaline to litmus. 
About 0*1 c.c. of the undiluted faeces containing the ciliates was inoculated 
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by means of a pipette into the medium at the bottom of test-tubes 
(1 X 16 cm.) containing 8 c.c. of the medium. The tubes were then 
incubated at 37° C., and examined after twenty-four hours by abstracting 
fluid from the deeper portions by means of a pipette. At this time there 
was only moderate growth, but the optimum occurred after forty-eight 
or seventy-two hours. As a rule subculture had to be made every two 
days. In the cultures the ciliates multiplied by binary fission. Encysted 
forms were occasionally seen, and on one occasion what was apparently 
a conjugating pair. 

The organism described by Castellani (1914, 1914a) as Entoplasma 
(JB. castellanii Paul, 1914) is probably a badly fixed 5. coli. The writer 
examined the preparations, which were dried films of the feeces stained 

by Romanowsky stain. It was impossible 
to identify the organism with certainty, 
but from the fact that there was some 
indication of an anterior cytostome, the 
probability is that it was 5. coli, with the 
dimensions of which it conformed. 

Action of Drugs on B. coli. — The long 
list of medicaments which have been used 
in the treatment of balantidiosis of man 
is in itself an indication that no specific 
drug has yet been discovered. As was 
clearly pointed out by Walker, B. coli 
may vanish from the stool of infected 
individuals for considerable periods and 
reappear later. The actual presence of 
ciliates in the stool is thus subject to a 
periodicity, and in judging the action of 
any remedy which has been given this fact must be kept in mind. The 
good results which have been reported are probably explicable on these 
grounds. Treatment by the mouth with ipecacuanha, emetin, carbolic 
acid, thymol, male fern, and high rectal irrigation with solutions of quinine, 
silver nitrate, salicylic acid, and iodine, have all been recommended, but 
it is doubtful if any of these has had a beneficial effect in ridding the host 
of the infection. 

Reis (1923) has noted that in cases studied by him the bacteria were 
of the acid-producing type, the alkali-producing forms being suppressed. 
This fact suggests to him a line of treatment based on the introduction 
of the latter group of organisms and the use of alkalis. 

Balantidium minutum Schaudinn, 1899. — This small ciliate was de- 
scribed by Schaudinn (v. Jakoby and Schaudinn, 1899) from the case in 



Fig. 515. — Balantidium minutum 
FROM Human F.®ces ( x 1,700). 
(After Schaudinn, 1899.) 
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which Nyctotherus faba was found (see p. 1198). The body is piriform, and 
measures 20 to 30 microns by 14 to 20 microns (Fig. 516). The anterior 
end is relatively more pointed, and the cilia which cover the body longer 
than in B. coli. The peristome, which is a slit extending backwards 
from the anterior extremity for about half the length of the body, is well 
developed, and lined with cilia. At its posterior end it passes into the 
oesophagus. An undulating membrane is also described as occurring on 



Fig. 516 . — Balantidium of the Pig ( xca, 500 ). (After McDonald, 1922 .) 

a and c. Small and large forms of BcdafUidium suis, 
h and d. Small and large forms of Balantidium coli, 

the peristome. It is not clearly reproduced in Schaudinn’s figure, and is 
usually neglected in accounts of this organism. One contractile vacuole 
is present at the hinder end of the body. The macronucleus is a 
spherical structure 6 to 7 microns in diameter, and by its side is a small 
micronucleus. Multiplication is by transverse fission, as in B, coli, and 
cysts which are ovoid in shape are described. Sangiorgi and Ugdulena 
(1917) claim to have rediscovered a ciliate of this type in Italy. They 
regard their parasite as a variety {italicum) of B, minutum. From the 
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description and a figure given later by Sangiorgi (1919) it seems doubtful 
if the ciliate belongs to the genus Balantidium, and this is borne out by the 
fact that it was easily cultivated in peptone water. It may be merely a 
free-living organism. Pinto (1919) has, however, recorded B. minutum 
from Brazil. It is not improbable that the ciliate is a coprozoic organism, 
as, indeed, Brumpt (1922) has suggested. 

McDonald (1922), who has investigated Balantidium of pigs in 
America, has come to the conclusion that these animals harbour two 
species (Fig. 516). One of these is B. coli, which also infects man; the 
other is named B. suis. It is not so broad as B. coli, and has a length 
approximately double its breadth, since it measures from 35 to 120 by 
20 to 60 microns. It is relatively blunter anteriorly and more pointed 
posteriorly than B. coli. The broadest part of the body is anterior to 
the middle point of the longitudinal axis. The nucleus is longer and 
narrower than that of B. coli, and is at least one-half the length of the 
body. There is no evidence that B. suis infects man. 

BALANTIDIUM IN ANIMALS. 

Apart from the ciliates which occur in monkeys and pigs, and which 
are probably identical with B. coli of man, other species are commonly 
seen in animals, especially frogs and toads. The form seen by da Cunha 
(1917) in the horse, and which he regarded as B. coli, has been referred 
to above, while B. cavice was described by Neiva, da Cunha and Travassos 
(1914) from the guinea-pig {Cavia aperea) in Brazil. Hegner (1924) has 
seen a form in the sheep. It measured 40 to 49 microns in length by 
29 to 36 microns in breadth. The writer has seen cysts which Sheather 
(1923) discovered in the faeces of cattle. There appears to be little 
doubt that they belong to a species of Balantidium, Frogs and other 
Batrachia are commonly infected with Balantidium (Fig. 14). Ehrenberg 
(1838) discovered B. entozoon in Rana temporaria and R, esculenta, Stein 
(1863) described B. duodeni from R, esculenta and B. elongatum from 
R. temporaria, R, esculenta, Triton cristatus, T, alpestris, and T. mar- 
moratus. As frogs are nearly always infected, their rectal contents afford 
good material for the study of these ciliates. Bezzenberger (1904) 
described other species from Asiatic frogs. B. helence occurs in Rana 
tigrini, R, limnocharis, R, cyanophlyctis, and R. hexadactyla ; B. rotundum, 
and B. giganttum in R, esculenta var. chinensis ; B. gracilis in R, cyano- 
phlyctis and R. hexadactyla, Dobell (1910) recorded two new species 
from R, tigrina of Ceylon (B. ovale and B. hyalinum). In hosts other 
than Batrachia species of Balantidium have also been described. 
B. vifide was recorded by Willach (1893) from a bird, Columba sp. ? 
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B, piscicola from tlie gut of the South American fish, Piarectus brachy- 
pomus was named by Entz (1913a). Gauthier (1920) gave the name 
Balantidium granulosum to a ciliate from the stomach of a salmon {Sal- 
velinus fontinalis), 

A form seen by Chagas (1911) in the tortoise, Testudo grceca, in Brazil, 
was named by him B. testudinis. The writer has seen this form in 
T. radiata and T. calcarata. B, medusarum was recorded by 
Mereschkowsky (1879) from species of Bougainvillea, Obelia, Eucope, and 
Brada; B. amphictenides by Entz (1888) from Amphictenis sp. and Turbel- 
laria marina ; B.gyrans by Kellicott (1888) from an aquatic worm; B. lit- 
torincB by Chagas (1911) from Littorina sp. ; and B. hydrce by Entz (1913a) 
from Hydra olygactis. Watson (1916) described as B. orchestium a ciliate 
occurring in the gut of American sand fleas, Orchestia agilis and Talor- 
chestia longicornis ; and Leon (1919) B. haughwouti from a Philippine 
snail {Ampullaria), Ghosh (1922, 1922a) in India has described two 
species (B. blattarum and B. ovatum) from the cockroach, Blatta americana. 
As the last-named species was founded on a single specimen only, it must 
be doubtful if two species are represented. This observer (1925) gives 
the name Balantidium knowlesi to a ciliate found in the coelomic cavity 
of Culicoides peregrinus of Calcutta. 

These numerous species of Balantidium differ from one another in the 
shape and size of the body, the character of the cytostome, the shape of 
the macronucleus, and the appearance of the cytoplasm and other details-. 
It is very probable that some of them do not belong to the genus Balan- 
tidium. There is no evidence that they are in any way pathogenic, 
though the forms found in the frog will ingest red blood-corpuscles if 
these are present in the gut. 

(2). Order: OLIGOTEICHTDA. 

The ciliates belonging to this order (=01igotricha Butschli, 1889) do 
not have a uniform coating of cilia covering the whole body. The cilia 
are limited to special areas, and there is present an adoral zone of cilia 
arranged as a left-handed spiral on the peristome. There is a number 
of free-living forms, but many of the ciliates which live in the stomach of 
ruminants and in the caecum of horses belong to this order, as also certain 
forms which are intestinal parasites of the chimpanzee and gorilla, and 
certain small rodents of South America. 

Oenus: Entodinium Stein, 1858. 

This genus was established by Stein (1858) for several species of 
ciliate occurring in the stomach of ruminants (Fig. 517). The body is 
ovoid in shape, while the anterior end has a spiral row of cirri leading 
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to a cytoBtome and oesophagus. The posterior end of the body is pro- 
longed into several caudal processes. There is an elongate macronucleus 
extending along one side of the body, and a small micronucleus. One or 
more contractile vacuoles are present. 


Genus: Cunhaia Hasselmann, 1918. 

This genus, which is very closely allied to Entodinium, was founded 
by Hasselmann (1918) for a parasite of the csecum of the wild guinea-pig, 
Cavia aperea, of Brazil (Fig. 518). The single species of this genus. 



Fio. 517. — Entodinium dentatum from 
Stomach of Cattle ( x 1,000). (After 
Eberlein, 1895.) 



Fig. 518. — Cunhaia curvata from the 
C^ cuM OF Wild Gtuinea-Pig 
(Cavia aperea) Brazil ( x ca. 1,000). 
(After Hasselmann, 1925.) 


C. curvata, has an elongate curved cylindrical body, the convex surface 
being dorsal and the concave ventral. There is a spiral row of cirri at 
the anterior end, as in Entodinium, but a zone of cilia, absent in Ento- 
dinium, extends along the anterior third of the dorsal surface of the body. 
There is a long macronucleus in the dorsal region, and near its centre is the 
micronucleus. There is an anterior and a posterior contractile vacuole 
near the dorsal surface. The ciliate measures 60 to 80 microns in length 
by 30 to 40 in breadth. 
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Genus: Lavierella Buisson, 1923. 

This genus was founded by Buisson (1923a) for a ciliate discovered by 
him in the intestine of the rhinoceros (Pig. 519). There is a single species, 
Lavierella africana. It bears some resemblance to members of the genus 
Entodinium, but differs in the structure of the buccal apparatus and in 
the possession of a spherical macronucleus. The ciliate measures 45 to 55 
by 20 to 25 microns. A cytostome is present at the centre of the anterior 
end, which is uniformly covered with long cilia and separated from the 
rest of the body by a deep constriction. At the posterior end is a notch 



Fio. 519. — Lavierella africana from Intestine of Rhinoceros ( x 1,000). 

(After Buisson, 1923.) 

in which the anal aperture is found. At the centre of the body or a short 
distance behind this point lies the spherical macronucleus, 5 to 8 microns 
in diameter. Near it is found the micronucleus. 

Genus: Diplodinium Schiiberg, 1888. 

There are several species of this genus, which was established by Schuberg 
(1888). The anatomy of D. ecaudatum has been studied by Sharp (1914). 
The body is elongate, and at one side of the blunt anterior end there is 
a peristome region with a spiral row of cirri (Fig. 520). At the opposite 
side of the anterior end of the body is a second spiral of cirri, which 
surround a pit and distinguish this genus from the preceding ones. The 
posterior end of the body is either rounded or provided with caudal 
processes. The internal structure as also that of the peristome region, 
as described by Sharp, is exceedingly complicated. A long macronucleus 
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extends along one side of the body, and at its centre is the micronucleus. 
There is an anterior and a posterior contractile vacuole, while an anal 



1. View of left side of body, showing macronucleus, micronucleus, contractile vacuoles, and other 

structures. 

2. Median sagittal section, showing the structure of the ectoplasm and endoplasm and the various 

fibrils which bring about retraction of the mouth region. The openings of the contractile 
vacuoles and the anus are shown. 


aperture is present at the posterior end. The various species of Ento- 
dinium, which differ from one another chiefly in the character of the 
posterior end of the body, are parasites of the stomach of ruminants. 
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According to Awerinzew and Mutafowa (1914), the second spiral of 
cirri mentioned above is at one end actually continuous with the adoral 
zone of cirri. In certain forms, however, there is a complete break between 
the two, the adoral zone being quite separate from the second spiral of 



Fig. 621. — Ciliates from Stomach of Cattle. (After Awerinzew and 

Mutafowa, 1914.) 

A. Metadinium medium ( x ca, 400). B. Ophryoscolex fasciculus { x ca. 600). 


cirri. These forms have been placed by them in a new genus Meta- 
dinium^ there being a single species, M, medium, from the rumen of cattle 
(Fig. 521, A). 

Crawley (1924) points out that in other forms the second spiral of 
cirri is replaced by a band of cirri on the dorsal surface a short distance 
from the anterior end. This band encircles about one-half the girth of the 
body. For these forms he establishes the new genus Epidinium, 
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Genua: Spirodinium Fiorentini, 1890. 

This genus was founded by Fiorentini for a ciliate which he named 
Spirodinium equi (Fig. 622). It measures 230 by 60 microns, and has a 
spiral band of cilia round the body and an elongate macronucleus. It 
occurs in the csecum of the horse. 

Genus: Triadinilun Fiorentini, 1890. 

There is one species, named by Fiorentini Triadinium caudatum 
(Fig. 522, 2). The ciliate, which was found in the cascum of a horse, 
measures 130 by 90 microns. It has three circlets of cilia on the body 
and a posterior caudal tuft. 



Fig. 622. — CiLiATES from the Calcium of the Fig. 623. — Bozasella rhino- 

Horse. cerotis from the Intes- 

1. Spirodinium equi ( x ca, 30). TINE OF THE RHINOCEROS 

2. Triadinium caudatum ( x ca. 20). ( x 1,000). (After 

(From Buisson, 1923, after Gedoelst.) Buisson, 1923.) 

Genus: Bozasella Buisson, 1923. 

This genus, of which there is but one species, Bozasella rhinocerotisy 
possesses some of the characters of Lavierella and Cycloposthium 
(Fig. 623). The body of B, rhinocerotisy which measures 60 to 75 by 30 
to 40 microns, is ovoid and has an anterior ciliated region separated by 
a constriction. Posteriorly there are two ciliated processes (caudalia) 
close together, while on the anterior part of the opposite surface of the 
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body occurs an oblique line of long cilia. The nucleus is spherical and 
centrally placed. It measures 8 to 10 microns in diameter. Neither the 
cytostome nor the anal aperture has been detected in the few specimens 
available for examination. The ciliate is a rare parasite of the intestine 
of the rhinoceros. 


Genus: Ophryoscolex Stein, 1858. 

Stein established this genus for certain ciliates which he noted in 
the stomach of cattle. He named two species, while Eberlein (1895) 
described a third from the stomach of sheep. The body of a typical 
member of the genus is pyriform in shape, and has at its anterior end a 
spiral adoral zone of cirri which pass through the cytostome into the 
oesophagus. Near the junction of the anterior and middle thirds of the 
body is an incomplete circle of cirri, while at the posterior end is a number 
of caudal processes. An elongate macronucleus occupies one side of the 
body, and at its centre is a micronucleus. There are several contractile 
vacuoles (Pig. 521, B). 


Genus: Cycloposthium Bundle, 1895. 

This genus was founded by Bundle (1895) for a ciliate named by him 
Cycloposthium bipalmatum, which occurs in the csecum of the horse 
(Fig. 524, A). The body is barrel-shaped and has at its anterior end a 
circle of cirri surrounding a cone-shaped elevation, at the top of which 
is the cytostome. On each side of the posterior end of the body there 
projects a caudal appendage which is divided peripherally into a number 
of tapering processes. There is a long macronucleus on one side of the 
body, and near its centre is the micronucleus. A row of contractile 
vacuoles occurs beside the macronucleus. 

Da Cunha (1915) has described three species of Cycloposthium from 
the cascum of the capibara (Hydrochcerus capybara) of Brazil. 


Genus: Prototapirella Cunha, 1918. 

This genus was founded by da Cunha (1918) for a ciliate which in 
many respects resembles the species of Cycloposthium. In addition to 
the two caudal appendages, however, there are two others on that side 
of the body on which the macronucleus lies (Fig. 524, B). One is 
situated near the middle of the body, and the other near the anterior 
end. The ciliate was found in association with others in the stomach 
of tapirs (Tapirus americanus) in Brazil. It measures from 80 to 140 
microns in length by 60 to 120 microns in breadth. 

II. 


78 
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Buisson (1923) has given the names Prototapirella cristata and 
P. clypeata to two forms in the rhinoceros, and the name P. ehpJiantis to 
one in the elephant. 

Oenus: Tripalmaria Gassowsky, 1919. 

The single species of this genus, Tripalmaria dogieli, resembles 
members of the genus Prototapirella, except in the number of appendages, 



Fig. 524.— Ciliates from the Cmcvm of the Horse and Tapir. (A, after 
Bundle, 1895; B, after da Cuniia, 1919.) 

A. Cycloposihium bipalmaium from the horse ( x ca, 460). 

B. Protoiapirella intestinaUs from the tapir; anterior region retracted ( x ca. 700). 

of which there are two at the posterior end of the body and one, dorsal in 
position, near the anterior end (Fig. 625, i). Around the cytostome is 
a circlet of membranes. The macronucleus consists of two irregular 
lobes, near the ventral of which is the micronucleus. The ectoplasm on 
the right side of the body forms a supporting structure, the margins of 
which are thickened to form two longitudinal ridges. The ciliate, which 
lives in the colon of the horse, measures 99 to 210 by 66 to 91 microns. 
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Genus: Tricaudalia Buisson, 1923. 

This genus was founded by Buisson (1923) for a ciliate named by him 
Tricaudalia brumpii, which he discovered in the rhinoceros. It resembles 
Tripalmaria dogieli in the possession of only three appendages. It is 
possible that it actually belongs to the same genus. 

Genus : Tetratoxum Gassowsky, 1919. 

There is a single species, Tetratoxum unifasciculatum, which was placed 
by Fiorentini (1890) in the genus Diplodinium, and by Sharp (1914) in the 
genus Blepharocorys (Fig. 525, 2). It was made the type of a new genus 
by Gassowsky (1919). The body is not covered with cilia, but is provided 



Fig. 625. — Ciltates from the C^.cum of the Horse. (After Gassowsky, 1919.) 

1. Tripalmaria dogieli ( x270). 2. Tetratoxum unifasciculaium ( x270). 

3. Cochliatoxum periachtum ( x 130). 4. Ditoxum funinucleum ( x 270). 


with arches composed of a series of membranes. On the anterior end 
of the body are two such arches, and two others occur on the posterior 
end. At the anterior end is a slit-like cytostome surrounded by minute 
cilia. The body, which is somewhat flattened, has dorsal and ventral 
surfaces, on each of which are six to eight ridges or ribs. In the hollow 
of the macronucleus is the contractile vacuole. The ciliate, which occurs 
in the colon of the horse, measures 91 to 179 by 49 to 81 microns. 

Genus: Cochliatoxum Gassowsky, 1919. 

There is a single species, Cochliatoxum periachtum, which resembles 
Tetratoxum unifasciculatum in many respects (Fig. 525, 3). It is also an 
inhabitant of the colon of the horse, but is larger, and measures 400 to 
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510 by 216 to 235 microns. There are two arches of membranes at either 
end of the body, and two contractile vacuoles in the concavity of the 
macronucleus. 

Genus; Ditoxum Gassowsky, 1919. 

The single species of this genus, Ditoxum funinueleum, resembles 
the two preceding forms in most respects, but differs in that there is only 
a single posterior arch of membranes (Fig. 526, 4 ). It is found in the colon 
of the horse, and measures 145 to 225 by 72 to 108 microns. 


fifewM* ; Troglodytella Brumpt and Joyeux, 1912. 


This genus was founded by Brumpt and Joyeux (1912) for a curious 
ciliate seen in the faeces of a chimpanzee, and to which they gave the name 



Fig. 526. — Troglodytella ahrcLssarti 
FROM Large Intestine of Chim- 
panzee ( X 270). (After Keiche- 
Now, 1920.) 


Troglodytella abrassarti. This organ- 
ism was studied in the Cameroons 
by Eeichenow (1920a), who came to 
the conclusion that there were two 
varieties, one with a pointed posterior 
end, T. abrassarti acuminata^ and 
the other with a rounded posterior 
end, r. abrassarti abrassartiy the 
one seen by Brumpt and Joyeux. 
Eeichenow also described as T. gorillce 
another form from the gorilla. These 
ciliates are allied to Entodinium and 
Diplodinium, The body is roughly 
egg-shaped, and there is a circlet of 
cirri at the anterior end round the 
cytostome (Fig. 526). In addition, 
there are several bands of cirri round 
the body. These are arranged in 
incomplete circlets, and give the 
impression that if they were con- 
tinuous they would form a spiral of 
three turns. The breaks in this spiral 
produce several bands of cirri, which 


are arranged differently in the ciliates 
of the gorilla and chimpanzee owing to the intervals occurring at different 
places. The anterior third of the body is covered by a peculiarly marked 
cap, which appears to be a thickening of the periplast. On each side of 
the body the cap is continued posteriorly as a lappet, which appears 
to produce the breaks in the spiral arrangement of the cirri. The macro- 
nucleus is an elongate structure lying near the dorsal surface, and at its 
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centre is a micronucleus. There is a number of contractile vacuoles, 
which are arranged parallel to the bands of cirri on the left side of the body, 
while an anal aperture is present on the right side at a point corresponding 
with the junction of the middle and posterior thirds of the body. These 
ciliates of the chimpanzee and gorilla resemble one another so closely 
that it would seem reasonable to regard the differences which Reichenow 
describes as being merely individual variations in single species. 

The parasite first seen by Brumpt and Joyeux (1912) was in a sick 
chimpanzee, but Reichenow found that healthy animals are also usually 
infected. 


(3). Order: HYPOTRICHIDA Delage and Hj^rouard, 1896. 

The ciliates bebnging to this order (=Hypotricha Stein, 1859) are 
distinctly flattened dorso-ventrally, and in association with a creeping 



A B C 


Fig. 527. — Euplotes patella and E, harpa ( xca. 240). (From Minchin, 1912, 

AFTER Stein.) 

Af Ventral view of E, patella ; B, dorsal view of E, patella ; C, E, harpa ; N, macronucleus; 

C.V., contractile vacuole; crh, cirri; p,m,, peristome membrane; F, food vacuole area. 

mode of existence there is a special development of the cilia on the ventral 
surface of the body. Many of these become fused in groups to form stout 
processes, known as cirri, which enable the organism to rest upon and by 
their movements to creep over any surface. No definitely parasitic forms 
are known, but the ciliates are sometimes seen upon the surface of aquatic 
invertebrates. Two of the best-known genera are Stylonychia and Euplotes, 
Stylonychia mytilus varies in length from 100 to 300 microns, and is about 
three times as long as it is broad (Fig. 9). There is a flattened ventral 
surface, on the left-hand side of the anterior part of which is the 
peristome with its adoral zone of cilia. The margins of the body 
are provided with cirri, while groups of stouter cirri are distributed over 
the ventral surface. The ovoid macronucleus with the closely applied 
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micronucleus lies immediately behind the cytostome. The dorsal surface, 
which is convex, is provided with longitudinal rows of cilia. This organism 
is a very common inhabitant of water containing algae or other vegetation. 
The members of the genus Euplotes are very similar to species of Stylonychia. 
They differ, however, in that the marginal cilia are reduced or absent, 
while there is a greater development of the posterior cirri (Fig. 527). 
They are usually shorter in proportion to their breadth than members 
of the genus Stylonychia, 



Fig. 528. — Carchesium polypinum ( xea. 1,000). (After Doflein, 1916.) 

There are two spirally arranged rows of cilia; one row, consisting of short cilia, extends as far as 
the opening of the vestibulum. The other row has long cilia, which extend into the cyto- 
pharynx, and are fused into a membrane except at a point near the opening of the ves- 
tibulum. There is a large horseshoe nucleus, small micronucleus, and a contractile vacuole, 
which discharges into a reservoir between it and the cytopharynx. The cytoplasm contains 
numerous food vacuoles. The ectoplasm shows longitudinal fibrils, which extend into the 
central contractile part of the peduncle. 


(4). Order : PERITRICHIDA Delage and H^rouard, 1896. 

In this order (=Peritricha Stein, 1859) are included ciliates which 
have adoral cilia in the form of a right-handed spiral. As a rule no other 
cilia are present, and the body is more or less cone-shaped, the apex 
of the cone being attached to objects either directly or through the inter- 
mediary of a filament which may be a simple thread capable of contraction 
like a spring, or a system of threads subdivided like the branches of a tree. 
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In some cases, however, the organisms are free-swimming, and this 
applies also to certain stages in the development of those forms which 
are attached when fully grown. 

The free-swimming forms, in addition to the adoral cilia, have a circle 
of cilia round the posterior end of the body, and in some cases a definite 
suctorial apparatus. The attached forms are familiar objects in fresh 
water. The various species of Vorticella (Fig. 19) and its allies are found 
attached singly by contractile filaments to aquatic plants, and even insect 
larvse. In the case of Epistylis and similar forms, numerous individuals 



Fig. o29. —Epistylis umbellaria. (After Butschlt, 1887-1889.) 

1. Portion of colony with several clusters of microconju^ants some of which are in con- 

jugation with the larger macroconjugants. 

2. Single individual more highly magnified ( x 150). vst, Vestibulum; os, mouth; osr, oesophagus; 

uniy undulating membrane; n, raacronucleus; n\ micronucleus; cv, contractile vacuole; 
Nvy food vacuole; rety retractile myonemes; nky Nessel capsules; wky ring left when posterior 
circlet of cilia of free -swimming form disappear; h, band at union of peduncle with body; 
pe, pellicle. 

are united on a complicated system of branching filaments with a common 
stem (Fig. 529). Some of the attached forms have no filament, but are 
provided with chitinous cup-like shells fixed to various objects. Through 
the opening of the cup the ciliate can protrude its ciliated anterior end 
for the purpose of capturing food, and it can quickly withdraw when 
stimulated. Attached to the side of the body near the anterior end 
there may be a round operculum which closes the opening of the shell 
when the ciliate retracts. There are numerous free-swimming forms, un- 
provided with filament, which are mostly ectoparasites of fish, amphibia, 
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molluscs, worms, echinoderms, and other aquatic creatures. Such forms are 
Spirochona, found on the gills of the fresh-water crustacean, Oammarus 
pulex; Licnophora, which is an ectoparasite of various marine animals ; 
and Trichodina, seen commonly on the skin or in the bladder of fresh- 
water vertebrates, such as fish and newts (Fig. 530). 

The ciliated region of the body of the Peritrichida, which is to be regarded 
as the ventral surface, corresponds with the peristome (Fig. 528). The 
adoral row of cilia, which in some forms consists of two parallel rows, com- 
mences at a point on the ventral surface, and follows a course like that of a 
flat watch-spring till its outer end passes into a cone-shaped depression, the 
vestibulum, within which is the cytostome leading to the oesophagus 



% 

Fig. 530. — Species of Trichodina ( x 1,000). (1, after Chatton, 1910; 2, after 

Butschli, 1882.) 

1 . T. labrorum from the skin of marine fish of the genus Symphodus, 

2. T, pediculua from the skin of fresh -water fish or the bladder of newts. 

(Figs. 528, 529). The cilia may be continued into the oesophagus as cilia, 
or they may fuse to form an undulating membrane. The anal aperture, 
through which the residue from digested food is discharged, occurs in the 
vestibulum, as also the opening through which the contractile vacuole 
empties itself. Reproduction takes place by budding or binary fission. 
In the latter case, an example of which is seen in Epistylis, two equal-sized 
individuals arise and remain attached to a common stalk. Each forms 
a new stalk for itself, so that a branching system results. In the budding 
process which occurs in Vorticella and other forms there is separated a 
small individual provided with a ring of cilia round its posterior 
end. After leading a free-living existence for some time, it attaches 
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itself, develops a filament, and grows into the adult type, or it may con- 
jugate with a larger individual, during which the nuclei undergo 
complicated changes which have been described above (Fig. 44). 


VII. CLASS: SUCTORIA Claparede and Lachmann, 1858. 

The members of this class differ from the Ciliata in that cilia are 
present only in the young stages, which are budded off from the adults, 
while the adults themselves are provided with sucking tentacles. 
The young forms, often called embryos, lead a free-swimming exist- 



Fig. 531. — Dendrosomides paguri: Parasitic on Crustacea of the G-enus 
Eupagurus ( x 300). (After Collin, 1912.) 

ence for a time. They then usually attach themselves to objects, 
lose their cilia, and develop suctorial tentacles, by means of which they 
are able to imbibe nourishment from material or organisms which become 
adherent to them (Fig. 16). The Suctoria are devoid of cytostome, but 
one or more contractile vacuoles are present. The nuclear arrangement 
resembles that of the Ciliata, there being both macronuclei and micro- 
nuclei. The majority of the Suctoria are in the adult stages pedunculated 
organisms attached to algse, the bodies of small Crustacea, aquatic larvae, 
or other objects. In some cases complicated branched systems are pro- 
duced (Fig. 631). A few unattached forms have been described, and 
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these in the adult stages have more or less globular bodies provided with 
a number of radiating tentacles. One such form, Sphcerophrya pusilla. 



Fig. 632 . — Tohophrya eyolopum: Budding Pbocess and Development of 
Ciliated Embkyo ( x 1 , 000 .) (After Collin, 1912 .) 


1. Formation of internal bud and division of parent nucleus. 

2. Ciliated embryo in pouch of parent. 3. Free ciliated embryo, 

4. Attached form with tentacles and cilia still present. 

5. Later stage after disappearance of cilia. 


is parasitic on free-living Ciliata, and another, Allantosoma intestinalis, 
attacks the ciliates which inhabit the colon or caecum of horses. 
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Reproduction may take place by binary fission, but most usually by 
production of ciliated embryos, which are formed by a process of budding. 
There may be external budding, whereby one or more buds are found on 
the surface of the organism (Fig. 40), or internal budding, in which the 
buds are produced within a kind of brood sac which has resulted from a 
deep depression of the surface of the body. In this sac or cavity, which 
communicates with the exterior by a pore, one or more buds are formed 
(Fig. 632). The buds become separated within the sac and, like those 
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Fig. 533. — Tokophrya cyclopum: Stages in Conjugation ( x 1,360). 

(After Collin, 1912.) 

1. Two associated individuals, 2. Division of micronuclei. 

3. Two nuclei in each conjugant, possibly conjugating nuclei. 

formed by the external budding process, develop cilia, which are usually 
arranged in circlets. For some time the ciliated embryo moves about 
within the sac, but finally it escapes through the pore and swims away. 
It eventually becomes attached to any suitable object, which may be 
the body of an aquatic larva or crustacean. It loses its cilia, develops 
tentacles, and grows into the adult pedunculated form. In the budding 
process the nuclei of the parent become divided to supply the nuclei of 
the ciliated embryos. 
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A sexual process has been observed in sonae forms, but the details 
have not been so fully worked out as in the case of many Ciliata, though 
enough is known to indicate that it is very similar in the two groups. 
Two organisms associate, after which the macronuclei degenerate, while the 
micronuclei undergo a number of mitotic divisions. Exchange and union 
of micronuclei takes place, and after separation of the organisms the macro- 
nuclei are reformed from products of division of the micronuclei (Fig. 533). 

The majority of Suctoria are non-parasitic, though some of them, such 
as species of Dendrosoma and Dendrosomides (Fig. 531), may be found 


I 



Fig. 534 . — Sphcerophrya pusilla Parasitic in Ciliates, (After Butschi, 1882.) 

la. Embryo making its way into the cytoplasm of Paramcncium cavdaium ( x 500). 

16. Vacuole containing four organisms, from the opening of which an embryo is escaping. 

Ic. Single organism in the cytoplasm. 

2. Dividing form, as seen in the vacuole ( x ca. 760). 

3. Free form after escape from vacuole. Cilia have not yet been developed ( x ca. 750). 

4. Free-swimming embryo with tentacles and cilia ( x ca. 760). 

attached in enormous numbers to the gills or other parts of the bodies of 
fresh-water Crustacea or aquatic larvae. 

Sphaerophrya pusilla ClaparMe and Lachmann, 1868. — This form, 
which reaches a diameter of about 16 microns, is parasitic on ciliates, 
such as species of Paramecium, Stentor, and Stylonychia (Fig. 634). The 
infected ciliates are seen to possess large vacuole-like spaces which com- 
municate with the exterior by a pore. Within each vacuole is a varying 
number of rounded cytoplasmic bodies with single nuclei. These escape 
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through the pore and swim by means of cilia. Tentacles are developed, 
and they attach themselves to other ciliates. They gradually sink into 
the cytoplasm, being finally enclosed in a sort of vacuole which com- 
municates with the exterior. Within the vacuole multiplication takes 
place by binary fission or a budding process which gives rise to the ciliated 
embryos. As many as fifty organisms may occur in a single vacuole. 
Maupas (1881) has recognized two other species — Sphcerophrya magna and 
S. stentoris (Fig. 15). They reach a diameter of 50 microns, the latter being 
parasitic on Stentor roeseli. Another species is Spcerophrya soliformis 
described by Lauterborn (1908). 

Allantosoma intestinalis Gassowsky, 1919. — This suctorian lives in 
the colon and to a less extent in the caecum of horses, where it attacks 



Fig. 535. — Allantosoma intestinalis: Parasitic on Ciliates in Caecum of Horse 
( x550). (After Gassowsky, 1919.) 

the ciliates which occur in the same locality (Fig. 535). It has an elongate, 
sausage-shaped body, varying in length from 16 to 65 microns and in 
breadth from 5 to 27 microns. Each end is provided with several suckers, 
by means of which the organism attaches itself to the ciliates, which it 
parasitizes. There is a spherical macronucleus, near which is the micro- 
nucleus and a contractile vacuole. 




PART III 
SPIROCH.ETES 




SPIROCHiETES 


1233 


SPIROCHETES 

GENERAL ACCOUNT OF STRUCTURE, AFFINITIES, AND 
NOMENCLATURE. 

The name Spirochsete is employed as a general term for certain spiral 
organisms which have flexible bodies. Some forms which are parasitic 
in the crystalline styles of oysters and other Mollusca are comparatively 
broad, so that accurate details of their structure can be obtained. The 
majority, however, are so slender that there has been considerable differ- 
ence of opinion as to their morphology. The spiral form of the body and 
its flexibility are not in themselves characteristic of the group, for there 
occur amongst the bacteria similar spiral organisms of the genus Spirillum^ 
which have rigid bodies, while definitely flexible bacteria are also known. 
Certain Cyanophycefe, or coloured algao, such as Sphulina, which consists 
of a single chamber, and Arthrospira, which has transverse septa, like- 
wise have spiral bodies (Fig. 536). In consequence of this, some authori- 
ties have classed the spirochaetes with the bacteria, and others with the 
alg 80 . According to Dobell (1911), the minute structure of the larger 
spirochaetes is quite different from that of the bacteria and the Cyano- 
phyceae, and he concludes that the spirochaetes form a special group of 
the Protista, which he calls the Spirochaetoidea. Fantham (1908) had 
already proposed the name Spirochaetacea and Gross (1910) the name 
Spironemacca for essentially the same group of organisms. 

At the present time it is difficult to account for Schaudinn’s view 
that spirochaetes are Protozoa, for they have no definitely constituted 
nuclei, reproduce by transverse fission, and are not orientated into an 
anterior and posterior end. The limiting membrane of the body is quite 
different in structure from that of the flagellates with which he associated 
them. It is evidently impossible to regard the spirochaetes as Protozoa ; 
they appear to be much more closely allied to the bacteria, and in this 
respect may be regarded as nearer to plants than to animals. The fact 
that certain blood-inhabiting spirochaetes are transmitted by lice and 
ticks from one host to another has been advanced as an argument in 
favour of their Protozoal nature, and attempts have been made to trace 
a cycle of development in these arthropods which can be compared with 
the invertebrate cycles of trypanosomes. It is known, however, that 
Bacillus pestis of plague is transmitted by fleas, and that certain un- 
doubted unicellular vegetable organisms have complicated life-histories 
in which a process of syngamy occurs. It is, therefore, quite illogical 

II. 79 
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to assume that, because an organism is conveyed by a biting arthropod 
or has a complicated life-history, it must necessarily be a Protozoon. 
Schaudinn’s supposition that Leucocytozoon ziemanni gave rise to in- 
numerable spirochsBtes in the stomach of the mosquito has been found to 
be entirely erroneous (see p. 904). 

As at present understood, the group Spironemacea or Spirochaetoidea 
includes organisms of several distinct types (Fig. 537). The name 
SpirochcBta was first given by Ehrenberg (1834) to a large, flexible spiral 
organism which occurs in water. The type species Spirochceta plicatilis 
Ehrenberg, 1834, may be as much as 500 microns in length and 0*5 to 
0*75 micron in breadth. According to Zuelzer (1910), the spiral body is 
strengthened by an axial rod or filament, so that the entire organism 
has very much the appearance of a piece of rubber tubing wound round 
a piece of fine wire, the wire representing the axial rod. Organisms which 

have this structure are included in the genus 
Spirochceta, Another type of organism is 
characterized by the possession of a mem- 
branous structure which was called the crista 
by Gross (1910). Such a form is Cristispira 
balbianii, which occurs commonly in the crys- 
talline style in the stomach of oysters (Fig. 
640). If the axial rod of the members of the 
Fio. 53fi.— Spirulina verei- genus Spirochmta he regarded as hioadened 
color ( xca, 500). (After into a membrane, the characteristic arrange- 
ZuELZER, 1911.) ment of (7. balbianii would result (Fig. 537). 

1. Appearance of living orgarism. These two genera, which include com- 

2. Specimen fixed and stained, i i ^ i. n 

showing granules. paratively large organisms, appear to be well 

defined, but there is a number of much smaller 
forms, including the various pathogenic spirochsetes, which are very diffi- 
cult to study on account of their narrowness. The only absolutely reliable 
information regarding their structure is that they possess flexible spiral 
bodies, and it is largely a matter of conjecture that they are regarded as 
related to the two genera, Spirochceta and Cristispira. The accounts 
which have been given of their minute structure differ widely from one 
another. Some observers have considered that they possess crista or 
membranes; others that they have terminal flagella, and reproduce by 
both longitudinal and transverse division, and even produce spores. 
There is so much discrepancy in these accounts that it is evident many 
of the statements are unreliable. Attempts have, nevertheless, been 
made to subdivide the small spirochaetes into a number of genera, with 
the result that they have been classed as Spironema, Treponema^ and 
Leptospira, 
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The name Spironema was first employed by Vuillemin (1905) for the 
organism of syphilis, which Schaudinn had called Spirochceta pallida. 
As the name Spironema had been employed by Klebs (1892) for a flagellate, 
and as Schaudinn regarded the spirochaetes as Protozoa, he (1905) pro- 
posed the name Treponema, and designated the spirochsete of syphilis 
Treponema pallidum (Fig. 551). It is perfectly clear that the spirochaetes 
are not Protozoa, so that there would be no reason why Vuillemin’s name 
Spironema should not be employed if it had not also been used previously 
for a vegetable organism. Except as regards its size and the number 
of turns, the spirochaete of syphilis does not differ from those which pro- 
duce relapsing fever in man, and the various forms which occur in the 
alimentary tract or chronic ulcerations of the skin, and many other 





Fig. 537 . — Diagram op Structure of Various Spiral Organisms as seen in 
Longitudinal and Transverse Sections. (After Zuelzer, 1911 .) 
Gristispira, showing septate condition of body and crista. 

Spiroch(Bta, showing axial filament and granules. The transverse sections show the position of 
the filament at different parts of the body. Spiridina, showing central row of granules. 

situations, such as stagnant water (Fig. 542). It is better to refer all these 
forms to the genus Treponema, There still remains the genus Leptospira, 
which was established by Noguchi (1917) for the causative organism of WeiFs 
disease, and which is now generally known as Leptospira icterohcemor- 
rhagicB (Inada and Ido, 1914). This spirochaete may be sufficiently distinct 
to justify its inclusion in a separate genus, but here again opinions differ. 
The body consists of a spirally wound thread, the spirals being so fine and 
close together that, unless careful inspection is made, they are overlooked. 
The body is exceedingly flexible, and has a very characteristic crook or 
hook at each end (Fig. 557). Zuelzer (1918 and 1921), whose extensive 
studies entitles her to speak with authority, believes that all the spiro* 
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chaetes which are referred here to the genus Treponema have essentially 
the same structure as SpirochcBta pUcatilis, and that they possess similar 
axial filaments, which can be demonstrated, in some cases at least, by 
special technique. This structure she considers as present also in the 
members of the genus Leptospira. On this account, she proposes to return 
all the various spirochaetes which are included in the genera Treponema 
and Leptospira to the genus Spirochceta, 

The difficulty associated with the nomenclature is well illustrated 
by an organism which was named Spirochceta regaudi by Ball and Roquet 
(1911), and which was discovered in the cells of the peptic glands of the 
stomach of the dog by Bizzozero (1893). It was studied by Duboscq 
and Lebailly (1912a), who found it in the dog, cat, and fox. They describe 
the organism as having three to twenty turns, a flagellum 3 to 4 microns in 
length at each end, and a body which is flexible like that of a spirochaete. 
It appeared to them to occupy a position between spirochaetes and spirilla, 
so they established for it the new genus Spirella, the organism being 
Spirella regaudi. It was investigated again by Kasai and Kobayashi (1919). 
These observers found it in dogs, cats, wild rats, and monkeys. White 
rats were easily infected by oral administration of infected material. 
Though the Japanese observers believe the body to be rigid, Edkins 
(1923), who found the organism in the cells of the fundus as also 
the pyloric end of the cat’s stomach, described it as a fixed, but 
flexible spiral. Whatever movements are exhibited appear to be 
the direct result of the action of the flagella. Another genus is 
Cristispirella, created by Hollande (1921) for an organism said to possess 
a definite membrane, which he found in the small intestine of the 
guinea-pig. 

The observation of Duboscq and Lebailly noted above raises the 
question of the relationship of the flexible spirochaetes to the rigid spirilla. 
It is possible that these two types are more closely related than has 
hitherto been supposed. Such a form as the parasite of rat-bite fever, 
to be considered below, behaves in many respects like a spirochaete, but it 
has a rigid body and terminal flagella, and is regarded here as a Spirillum, 
though Sangiorgi (1922) places it as a new genus, Treponemella (Fig. 562). 

Mesnil (1921), in a review of the subject, states that if members of the 
genus Cristispira are excluded, he has been quite unable to discover any 
features which can be regarded as of sufficient generic value to justify 
the division of the group into separate genera. He accordingly agrees 
with Zuelzer that only two genera can be recognized, Spirochceta and 
Cristispira. The adoption of this classification would undoubtedly 
simplify the nomenclature, but in view of the fact that observers are by 
no means agreed as to the presence of an axial filament in the smaller 
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organisms, it appears safer at present to retain at least four genera, 
as follows: 

1. Genus: Cristispira Gross, 1910; type species Cristispira halhianii 
(Certes, 1882), 

2. Genus: Spiroch®ta Ehrenberg, 1834; type species Spirochata 
plicatilis Ehrenberg, 1834. 

3. Genus: Treponema Schaudinn, 1905; type species Treponema 
pallidum Schaudinn, 1905. 

4. Genus: Leptospira Noguchi, 1917; type species Leptospira ictero- 
hcemorrhagicB (Inada and Ido, 1914). 

FREE-LIVING SPIROCHiETES. 

It has already been mentioned that spirochactes are commonly present 
as free-living organisms in water. The type species is the large Spiro- 
chcBta plicatilis of Ehrenberg (Fig. 539). Many smaller forms occur, and 
Zuelzer (1921), Uhlenhuth and Zuelzer (1921), and others, have shown that 
all the various types which have been described as living either parasitically 
or saprophytically in man and animals have their representatives in 
fresh water. Attention was drawn by these observers to a free-living 
form which is indistinguishable from Leptospira icterohwmorrhagice. They 
call the organism Spirochceta pseudo-icterogenes, and note its resemblance 
to a form seen in water by Wolbach and Binger (1914), and which was 
named S. biflexa. These fresh-water spirochsetes can often be found in 
large numbers in the mucoid material which collects round the orifice 
of laboratory taps. What relation they have to the parasitic or sapro- 
phytic forms is not known, but it would seem reasonable to suppose that 
many of the free-living types have become adapted to a saprophytic 
or parasitic life in animal hosts. Zuelzer (1922) describes the cultivation 
of the Leptospira of water. One strain, after it had been sub-cultured 
a number of times, proved to be virulent to guinea-pigs, in wdiich it pro- 
duced an infection resembling that resulting from inoculation with the 
organism of Weil’s disease. Buchanan (1924) has also infected guinea- 
pigs wdth a leptospira occurring in the slime on the roof of a mine. In 
a later paper, Zuelzer and Oba (1923) describe various saprophytic spiro- 
chaetes which occur in water and in the alimentary tract of man and 
animals. A study of these organisms reveals the fact that though forms 
of the relapsing fever, syphilis, and Weil’s disease types occur, there are 
many intermediate forms which make it impossible to define accurately 
the genera Treponema and Leptospira, The conclusion is again reached 
that all these spiral organisms should be placed in the single genus 
SpirochoBta. The authors prove that in pure culture the morphology of a 
particular species varies considerably according to the type of medium 
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used. An organism may resemble a typical leptospira in one medium, 
while in another it is indistinguishable from the organism of syphilis. 

Hindle (1925) has shown that if a portion of human faeces about the 
size of a pea be emulsified in about 20 c.c. of London tap water, the mixture, 
if incubated at 25° to 30° C. for ten days in a Petri dish, will yield an 
abundant growth of leptospira. The organisms are most numerous on 
about the twentieth day, and survive for four or five weeks. That the 
leptospira comes from the water is proved by the fact that the same 



Fig. 638 . — Spirochceia plicatilis, as seen in the Living Condition in Water 
(xca, 500 ). (After Zuelzer, 1911 .) 


growth occurs if the portion of faeces is emulsified in a small quantity of 
water and sterilized by boiling before adding it to the tap water. It was 
demonstrated that the leptospira were able to pass through an L3 Pasteur- 
Chamberland filter in sufficient numbers to be detected in the filtrate. 
With an L5 filter no organisms could be seen in the filtrate, though they 
appeared in ten days if it was incubated in a Petri dish. 

Genus: Spirochaeta Ehrenberg, 1834. 

This genus was established by Ehrenberg (1834) for a long spiral 
organism which he found in water (Fig. 538), and to which he gave the 
name Spirochceia plicatilis. It is usually 200 to 500 microns in length and 
0*5 to 0*76 microndn thickness. According to Zuelzer (1910), as explained 
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above, the body consists of an axial filament round which is wound in a 
spiral manner a protoplasmic thread (Pig. 639). The latter has rounded 
ends and is circular in a cross-section of the organism, which has the 
appearance of a ring of cytoplasm with the axial filament as a dot attached 
to the margin. There are no flagella, and the organism, revolving on its 
longitudinal axis, moves slowly over surfaces. Zuelzer states that the 
body is not limited by a definite membrane. Organisms of the dimensions 
given above have from 100 to 250 distinct turns, the distance between 
any two turns being about 2 microns. The axis of the spiral is not neces- 
sarily straight, but may show several irregular curves. The cytoplasm 
is of an alveolar nature, consisting of a tough portion in which are spaces 
filled with more liquid material. Deeply staining granules of either 
volutin or chromatin occur in that portion of the cytoplasm to which 
the axial filament is attached. Schaudinn (1905, 1907) stated that 
S. plicatilis possessed an undulating membrane and a nucleus in the 
form of a longitudinal filament. Subsequent investigations by Zuelzer 
and others have not confirmed these statements. The organism repro- 
duces by transverse fission, a single long spirochsete dividing into two or 
into several smaller forms. Several other organisms which live in either 
fresh or salt water have been placed in this genus. Jaff4 (1907) described 
an axial filament in a small spirochsete {S. culicis) which he discovered in 
larvsB of a species of Culex, 

PARASITIC SPIROCHiETES. 

Under this heading will be considered a number of spirochsetes which 
live in the bodies of animals, either as true parasites which give rise to 
definite disease, or as saprophytes which derive their nourishment from 
waste products. The majority of them have their counterpart in the 
free-living spirochsetes, some of which, however, may be identical with 
pathogenic forms As explained above, the typical members of the genus 
Spirochceta are found in water, and it is doubtful if any of the parasitic 
forms have the same structure, though Schaudinn (1905) described and 
figured an axial fibre in S, refringens and Jaffe (1907) one in S, culicis. 
On this account the two genera Treponema and Leptospira are recognized, 
but it has to be remembered that the name can be applied to many 
free-living forms. The genus Cristispira stands apart, for none of the 
free-living spirochsetes has yet been ascribed to this genus. 

Genus; Cristispira Gross, 1910. 

The best-known member of this genus is Cristispira balbianii, an 
organism which was discovered by Certes (1882) in the crystalline style 
which occurs in the stomach of oysters, Certes regarded the organism as 
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allied to the trypanosomes, and named it Trypanosoma balbianii. Gross 
(1910) first showed that it was not a trypanosome, and established the new 



genus Cristispira for its reception. It can be easily 
obtained for observation by removal of the stomach 
contents of fresh oysters. It is actively motile when 
first removed, and as it measures from 45 to nearly 
100 microns in length and 1 to 1-5 microns in breadth 
it is readily observed (Fig. 540). Its most character- 
istic feature is the presence of a crista, which is 
attached to the body in a spiral manner. This is 
a fine membrane with a breadth of about that of 
the body itself. At the extremities of the organism 
the membrane narrows, and finally merges into the 
surface of the body. Gross did not observe a mar- 
ginal filament on the free edge of the membrane, but 
Zuelzer believes that one is present. The organism 
is coarsely spiral, there being two to six broad turns. 
The cylindrical body, which has rounded ends, is 
limited by a definite membrane or periplast, while 
internally it has a chambered structure. There is 
a cylinder of tough cytoplasm surrounding a more 
liquid core, which is separated into segments by 
septa of the tougher cytoplasm!, which pass across the 
organism at intervals. As Dobell (1911) points out, 
the tough cytoplasm has the arrangement of a bamboo 
with its nodes, the spaces in the bamboo corresponding 
with the more liquid cytoplasm (Fig. 537). According 
to Dobell, the only structures which can be distin- 
guished are a series of small granules arranged in rings 
around the periphery of each septum. On account 
of their staining reactions, he believes that these 
granules are of chromatin nature. According to 
other observers, the granules are arranged in a more 
irregular manner throughout the tougher cytoplasm. 


Fig. 639. — Diagram- Reproduction takes place by transverse fission 
MATic Representa- brought about by a constriction at one of the septa. 

OT s/iwSpiir. division is almost complete, the organism may 

tilis, (From Do- become looped and the two portions which will form 


FLEIN, 1916, AFTER 
Zuelzer.) 

tudinal division are 


the daughter individuals may become twisted round 
one another, so that appearances suggesting longi- 
produced. Transverse fission is the method of re- 


production which has been noted by most observers, and it can safely be 
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accepted that longitudinal division does not occur. Gross (1912), however, 
has stated that Crisiispira tapetos of the mussel. Tapes decussatus^ may 
break up into a number of small portions corresponding with the number 
of septa, and that each forms a kind of spore (Fig. 541). That this is a 
normal developmental process and that the spores can give rise to adult 
organisms again does not appear to have been demonstrated. 

A number of other species which are parasitic in the crystalline styles 
of Mollusca have been placed in this genus. They differ from one another 
in size, in the character of the ends of the body, and other details. 

Hollande (1921), as mentioned above, discovered in the small intestine 
of the guinea-pig a spiral organism 9 to 12 microns in length and possessing 
two or three large curves. The body is described as consisting of a fine 




Fig. 540. — Cristispira halbianii from the Crystalline Style of the Oyster. 

FIXED IN ScHAUDINN’S FlUID AND STAINED WITH IRON ILeMATOXYLIN 

( X 2,000). (Original.) 

chromatic axial filament, but its most characteristic feature is a well- 
developed, flexible membrane which gives to the body a total breadth 
of 1*5 to 2 microns. Hollande considers it impossible to include this form 
in the genus Cristispira, He founds a new genus, naming the organism 
Cristispirella cavice. He believes that a form discovered by Mesnil and 
Caullery (1916) in the intestine of a marine annelid worm, and named by 
them Cristispira polydorce, probably belongs to the same genus. 

Genus: Treponema Schaudinn, 1905. 

The organisms which are included in this genus are so slender that 
accurate details of their minute structure are most difficult to obtain. 
According to some observers, certain forms possess membranes, or crista. 
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Thus Schaudinn stated that the organism known as Spirochceta refringens 
had a membrane, but other observers have failed to detect it. There 
appears to be no real evidence that a membrane is present in any one of 
the numerous species of Treponema. The flexible body is 
limited by a very fine but definite periplast, which encloses 
a homogeneous cytoplasm. The banded appearance which is 
sometimes seen in dried films stained by Romanowsky stain 
is probably artificial, and is no indication of a chambered 
structure like that occurring in Cristispira balbianii. Occa- 
sionally, with dark-ground illuminations, one or more retractile 
granules may be seen either on or in the 
spirochsete, and it has been suggested that 
these are spores. Some observers believe 
that a single organism may break up into 
a large number of minute spores, which 
may grow into the adult organisms. Defi- 
nite terminal flagella are not present, but 
sometimes, under the dark field, a fine 
filament which may be spirally wound is 
observed at one or both ends of the 
organism. These are not constantly 
present, and they may be filaments of 
adherent material or the remains of the 
drawn-out periplast, which survives for 
some time after transverse division has 
taken place. 

Though many observers have claimed 
that reproduction by longitudinal division 
occurs, it is now generally accepted that 
the only method of multiplication is by transverse fission. Appearances 
of longitudinal division arise when two organisms are closely wound 
round one another, or when the two portions of a transversely dividing 
one become similarly intertwined. The various species of Treponema 
agree with one another in possessing spiral bodies, the axis of which is 
a straight line in a condition of relaxation. Flexion and looping of the 
body may occur, but there is always the tendency in normal healthy indi- 
viduals for the body to return to the position in which the axis is straight. In 
dried films various distortions occur, while the actual spirals are frequently 
obliterated. That this is a result of drying can readily be demonstrated 
by examining blood containing relapsing fever spirochsetes with the dark 
field, and comparing the living spirochetes with those in dried and 
stained films of the same blood (Fig, 642). The living spirochete has 



Fig. 641.— Successive Stages in 
Spobe Formation in Cristispira 
tapetos. (From Gonder, 1920, 
AFTER Gross, 1913.) 
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the axis of the spiral body quite straight, unless it is temporarily bent 
owing to pressure against objects in the medium. In dried films spiro- 
chsetes often appear as simple looped threads without the true spiral 
structure. If films which have been spread are exposed to osmic vapour 
for half a minute before being allowed to dry, the appearances after 
staining are much more like those of the living organisms. On this 
account, descriptions of spirochsetes which are based on their appear- 
ance in dried films alone are most misleading, for the degree of distortion 
varies with the thickness of the film, the time it takes to dry, and other 
factors. As pointed out above, Zuelzer believes that the spirochaetes 
which are included here in the genus Treponema have essentially the 
same structure as S, plicatilis, and that they should be placed in this 
genus. It seems safer at present to retain the genus Treponema, though 
future investigations may confirm Zuelzer’s views. 

The various species of Treponema differ from one another in the length 
and thickness of the body, the number of spirals occurring in any given 
length, and the character of the ends of the body, which may be rounded 
or tapering. Many forms which have been given specific names cannot 
be distinguished from one another morphologically. This is well illus- 
trated by the relapsing fever spirochsetes of man. Owing to the fact 
that relapsing fever in different parts of the world is transmitted by 
different arthropods and varies as regards its severity and number of 
relapses, it is claimed that a different species of spirochsete is responsible 
in each case. Animals which have recovered from one type of infection 
may not be protected against another type, and this fact is brought 
forward in support of the view that more than one species of Treponema 
is involved. African relapsing fever like that of Panama is transmitted 
by ticks, while other forms are conveyed by lice, and it is supposed 
that this difference justifies the separation of the African spirochaete as 
a distinct species. Whatever value may be attached to the variations in 
symptoms produced, the serological reactions, and the transmitting hosts, 
it remains a fact that there are no means of distinguishing the various 
named species of relapsing fever spirochaetes from one another on mor- 
phological grounds, and it would be more logical to place them all in one 
species, and to regard the differences noted above as indications of separate 
races. 

Spirochaetes which are included in the genus Treponema are common 
inhabitants of all parts of the alimentary tract of man, and under 
certain conditions the bronchi also. They occur frequently around the 
orifice of the urethra. In certain chronic ulcerative conditions of the skin 
they are often numerous, and may extend deeply into the tissues. Many 
of these forms have been named, the distinctions being chiefly those of 
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size. It must be admitted, however, that there is little morphological 
ground for separating many of them. Thus the spirocheetes which occur 
in the bronchi cannot be distinguished from some of those which live 
commonly in the mouth and pharynx, and these, again, are in- 
distinguishable from many which are found in the intestine. The forms 
which occur in chronic ulcers of the skin have their counterpart in the 
spirochsetes of the mouth. It is not an unreasonable hypothesis to 
suppose that there are one or more saprophytic spirochsetes which can 
invade any part of the body, provided a suitable environment exists. 

The spirochsetes which produce syphilis and yaws have fairly definite 
characters, and usually can be recognized when the history of the 
case and the source of the material are known. But not infrequently 
there occur in the mouth saprophytic spirochsetes, which cannot with 
certainty be distinguished from these definitely pathogenic forms. It is 
evident, therefore, that the various species of Treponema have been named, 
not on account of any definite morphological characters they possess, but 
because of their pathogenicity or non-pathogenicity, the types of infection 
they produce, and the situations in which they occur. At the present 
time it seems impossible to classify them in any other way, but it has 
to be recognized that species founded on these bases alone cannot be 
regarded as valid. 

Spirochsetes which Occur Chiefly in the Blood. 

The species of Treponema which are included in this group are the 
various relapsing fever spirochsetes of man and the similar forms which 
occur in the blood of animals. A certain number of these forms has 
been proved to be conveyed from host to host by arthropods, chiefly lice 
and ticks. 

BLOOD SPIROCHETES OF MAN. — Relapsing fever is a disease which is 
characterized chiefly by repeated attacks of fever. An attack lasting 
from three to five days, during which the temperature remains elevated, 
is followed by an apyrexic period of similar length. Another attack occurs, 
again to be followed by a period of apyrexia. There may be as many as 
ten attacks alternating with periods of freedom from fever. Occasionally 
the disease is of a severe type, with marked jaundice and a condition 
approaching that of WeiTs disease, to be described below (p. 1277). 

The relapsing fever spirochsete was first seen by Obermeier (1873) in 
1868, and was named Protomycetum recurrentis by Lebert in 1874. Cohn 
(1875) gave it the name Spirochceta obermeieri, by which it was known for 
many years. The name Treponema, proposed by Schaudinn (1905) for 
the spirochaete of syphilis, becomes the correct generic name for the 
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relapsing fever spirochsete, which is therefore Treponema recurrentis 
(Lebert, 1874). 

Morphology. — The organism when observed alive is very active, and 
has the axis of its spiral nearly always straight (Fig. 542). It progresses 
with either end in front, and though it may perform bending movements, 
it tends to return to its normal condition. When an infection is abating 
as a result of the development of antibodies in the blood, variously coiled 
and clumped organisms may be found, but these are undoubtedly in a 
degenerating or dying condition. The movements and normal condition 
of a spirochaete can be seen with ordinary transmitted light, but more 
easily with dark-ground illumination. The average length of T. recur- 




Fig. 542 . — Treponema recurrentis {T. duttoni) of African Tick Fever ( x 1,000). 

(Original.) 

A. Appearance of spirochastes as seen in the living condition. 

B. Deformed spirocheetes in a dry film stained by Leishman stain. 

(Dotted rings represent red blood-corpuscles. ) 

rentis, as seen in the blood, is approximately 15 microns, the range in 
length of the majority of forms being 10 to 20 microns. Occasionally, 
shorter individuals occur, as also forms above 30 microns in length. The 
breadth is difficult to determine with accuracy, but is about 0*2 or 0*3 
micron. The ends of the body are very slightly tapering. The number 
of spiral turns varies with the length of the organism. Each turn occupies 
from 2 to 3 microns, so that an organism 20 microns in length will show 
from seven to ten turns. 

Reproduction is by transverse division. A constriction appears at the 
middle of the body, and the appearance of two spirochsetes united by their 
tapering extremities is produced. As the daughter forms separate, a 
very fine thread, which probably represents the drawn-out periplast, may 
be seen to connect them. It may persist for some time, and owing to 
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the revolving movements of the spirochsete, it may itself become a spiral. 
The structure does not appear to be a flagellum, though after division is 
completed it may remain attached to the spirochsete, and resemble one. 

The number of spirochsetes in the blood of cases of relapsing fever 
varies from case to case. In some cases the field of the microscope will be 
crowded with them, while in others they are very scanty and difiicult to 
find. They occur in the cerebro-spinal and other fluids of the body spaces, 
while they have been described as occurring in the urine. The latter 
statement undoubtedly requires confirmation, for it is not clear that the 
spirochsetes which occur normally in and about the urethra were excluded. 
The spirocheetes are present in the blood during the pyrexia, but they are 
absent, or present in very scanty numbers, between the attacks. It has 
been shown by several observers by inoculation of susceptible animals that 
the spirocheetes are actually present in the blood of many cases during the 
apyrexic periods, and also for a considerable time after the last attack. 
Mackie (1907) succeeded in infecting a monkey by inoculating it with 
blood taken from a case in the apyrexic period when spirocheetes were 
not demonstrable by microscopic examination. By similar inoculations 
of cerebro-spinal fluid it has been demonstrated by Plant and Steiner 
(1920) that the spirocheetes, which appear there as a rule shortly after 
the termination of the first attack, persist all through the disease and even 
after it has apparently terminated. They infected mice with cerebro- 
spinal fluid taken forty-five days after the last attack. The cessation of 
an attack and the disappearance of the organisms is associated with the 
appearance of antibodies in the blood. Towards the end of an attack, 
the spirochastes are often agglutinated in clumps and show various 
abnormalities. 

The serum of individuals who have recovered renders them immune 
from further infection, has a definite action on the spirocheetes, and will 
protect animals against inoculation. It was at one time thought that 
each type of relapsing fever spirochaete produced its own specific anti- 
bodies. Though this is to a large extent true, it is now known that 
different strains of one and the same type will produce different anti- 
bodies, so that it is impossible to regard the serological reactions as a 
reliable guide to the determination of species. 

Species. — Owing to the fact that in different parts of the world the 
clinical picture of relapsing fever is not always the same, that in animals 
infections due to one type may not produce immunity against those due 
to another, and that the invertebrate vector may be a louse or a tick, 
there has been a tendency to regard the relapsing fever spirocheetes as 
belonging to a number of different species to which the following names 
have been given: 
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T, recurrentis Lebert, 1874, Europe. 

T, duttoni Novy and Knapp, 1906, West Africa. 

T. novyi Schellack, 1907, America. 

T. hochi Novy, 1907, East Africa. 

jT. carteri Manson, 1907, India. 

T. rossi Nuttall, 1908, East Africa. 

T. berberum Sergent and Foley, 1910, North Africa. 

T. persicum Dschunkowsky, 1913, Persia. 

T. cegypticum Miihlens, 1913, Egypt. 

T, venezuelense Brumpt, 1921, Venezuela and Columbia. 

T. neotropicalis Bates, St. John and, 1922, Panama. 

T. hispanicum de Buen, 1926, Spain. 

Some observers have believed that these various forms could be 
distinguished from one another morphologically. This is certainly not 
the case. The variations which may occur in any one of these supposed 
species are quite as marked as that which was presumed to indicate specific 
differences. Leishman (1907) stated that he could find no morphological 
difference between the European, Central African, and Indian strains, and 
that the supposed differences in virulence for laboratory animals did not 
exist. Attention was again called to this point by Macfie and Yorke 
(1917), who have shown that it is impossible to distinguish the same three 
strains by their morphological characters and dimensions. The various 
other distinguishing features which have been adduced, such as the 
difference in the type of the disease, especially the number of relapses, 
serological cross-immunity tests, and the variations in susceptibility 
of laboratory animals to inoculation, cannot be employed as reliable 
methods of differentiating species. 

Serology. — Numerous investigations on the serum of men and animals 
who have recovered from infections have been made by Manteufel, 
Novy and Knapp, and many other later observers. Animals which 
have recovered from one strain may sometimes be infected with another, 
and it is largely on this account that the several species of relapsing 
fever spirochastes have been recognized. It seems, however, that the 
distinction is not of such specific value as was at one time maintained. 
The serum of recovered animals has an agglutinating and lytic effect 
on the spirochastes, and, moreover, is capable of preventing infection 
when injected at the same time as the infective blood. It is probable 
that the disappearance of spirochaetes from the blood of relapsing fever 
cases IS due to the appearance of antibodies, which, however, do not 
persist long enough to prevent relapse. Eventually, they become per- 
manent and a cure associated with a lasting immunity results. Towards 
the end of an attack, auto-agglutination of the spirochaetes in the peri- 
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pheral blood may occur. The agglutinating property of immune sera 
may still be manifest after a dilution of as much as one in two 
thousand, and Manteufel (1908) found that this property was specific 
and enabled him to distinguish the three forms — T, recurrentis, 
T, dutioni, and T. novyi» Novy (1907) came to the conclusion that the 
East African strain was serologically distinct from T, diUtoni of West 
Africa, and named the organism 8. hochi. Similarly, Sergent and Foley 
(1910) gave the name SpirochcBta berbera to the North African form, 
though in its morphology and method of transmission it was identical 
with T, recurrentis, Brumpt (see Lavier, 1921) for similar reasons gave 
the name S, venezuelense to the relapsing fever spirochsete of Venezuela 
and Columbia. Bates and St. John (1922) have shown that the serum 
of patients and animals which have recovered from infections in Panama 
is specific as regards its spirochsetocidal and protective action for this 
particular strain. They accordingly separate the Panama relapsing 
fever spirochsete as a separate species under the name >S. neotropicalis. 
Cross-immunity tests with T, venezuelense and T. neotropicalis have not 
yet been applied. De Buen (1926) has given the name T. hispanicum to 
the tick-borne spirochete of Spain. 

Cunningham (1925), working with relapsing fever in Madras, states 
that the spirochetes which cause the first attack differ serologically from 
those which appear in the first relapse, but agree with those of the second 
relapse. There is thus an alternation of serological strains. The spiro- 
chetes during the first attack are inoculated to animals, and handed on 
directly from animal to animal. The same is done with those of the first 
relapse and second relapse. Serum from a man taken at the end of the 
first attack will cause agglutination of the spirochetes in the blood of 
animals containing the first attack strain or the second relapse strain, but 
not those in animals with the first relapse strain. On the other hand, the 
serum taken from the man at the end of the first relapse will agglutinate 
the spirochetes of the first relapse strain, but not the others. Similar 
observations had already been made by Levaditi and Roche (1907) and 
Jancso (1918). 

Several observers have reported positive Wassermann reactions in 
relapsing fever. Roaf (1922), for example, found that in eighteen cases 
a transient positive result was obtained in eleven. Its transient character 
distinguished it from the reaction of syphilis. 

Transmission. — Though Cook (1904) had noted that relapsing fever 
occurred in Central Africa, and had described the spirochsete, it was 
P. H. Ross and Milne (1904) who first proved that the disease known as 
tick fever was a spirochsetosis. This was confirmed by the independent 
observations of Dutton and Todd (1905) in the Belgian Congo. The latter 
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observers proved conclusively that the disease could be transmitted to 
monkeys by Ornithodorus moubata, and, furthermore, that the newly- 
hatched offspring of infective ticks were also capable of producing the 
disease (Fig. 543). 

Hollers (1908) fed infected ticks on a series of monkeys at intervals 
of two months. A fatal infection was produced in the first eight monkeys 
and a non-fatal one in the next two. The two last monkeys of the series 
did not become infected. It is thus evident that ticks may remain infec- 
tive for at least one and a half years. Hollers also noted that when 
spirochsetes had once been ingested by ticks, infection was able to pass 
through the eggs to the third generation. 

In Somaliland and Abyssinia the tick 0. savignyi, which also occurs 
in Arabia and India, is almost certainly the vector of relapsing fever. 
It has been suspected of transmitting 
the disease in Angola by Wellman 
(1905). Brumpt (1908a) succeeded in 
infecting a monkey in Paris with a 
batch of these ticks received from 
Somaliland. The causative spirochsete 
is referred to as Sp. ahyssin by Hesnil 
(1908). The Central and West African 
strain {T, duttoni) was also transmitted 
from monkey to monkey by Brumpt 
through the agency of 0. savignyi. 

Working in Panama, Bates, Dunn 
and St. John (1921) proved by ex- 
periments on man, monkeys, and rats 
that 0. talajcB is responsible for the 
spread of the relapsing fever spirochaete 
(T. neotropiealis). In Venezuela and 
Columbia the transmitting host is 
0. venezuelensis, as first demonstrated 
by Tejera (see Brumj^t, 1922). Brumpt 
was also able to infect animals in Paris with ticks sent to him from 
Venezuela. As a result of immunity tests, Brumpt (see Lavier, 1921) 
concluded that the spirochaete was a distinct species, and gave it the 
name T, venezuelense. 

A disease which has been long known as mianeh occurs in certain 
parts of Persia. Schneider (1908) called attention to the fact that Argas 
persicus and 0. tholozani were found in certain districts, and that the 
inhabitants attributed a serious disease to their bites. It was considered 
probable that this was relapsing fever, which is now known to be common 

II. 80 



Fig. 543 . — Ornithodorus moubata 
( ? ) THE Transmitter of Tre- 
ponema recurrentis IN Central 
Africa ( x 5 ). (Original.) 
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in Persia. Dschunkowsky (1912) observed the spirocheete, and proposed 
to call it SpirochcBta persica. The vector is probably 0. tholozani, 
suspected by Dschunkowsky, rather than A. persicus, with which Sergent 
and Foley (1910) and other observers have failed entirely to transmit 
the human spirocheete (Fig. 549). So far no accurate experiments have 
been made with 0. tholozani nor with 0 . lahorensis^ which has also been 
regarded by Harold (1922) as a probable transmitter of relapsing fever 
in Persia. The method by which 0. moubata brings about infection 
is doubtful. When the tick feeds, fluid exudes not only from the anus, 
but also from the coxal glands which occur in the first segments of the 
limbs. Spirochsetes have been demonstrated in the coxal fluid, and it is 
supposed that this contaminates the wound inflicted by the tick. It is 
possible that the salivary gland secretion as also the fluid exuded from 
the anus is infective. 

Though the tick had been definitely incriminated as a vector in Central 
Africa and Central and Southern America, it was evident that other 
arthropods were responsible in those parts of Europe, India, North 
America, and North Africa, where suitable ticks do not occur. Never- 
theless, Manteufel (1908) and Neumann (1909) were able to transmit the 
Russian strain (T. recurrentis) and the American strain (T. novyi) from 
rat to rat by means of 0. moubata imported to Europe, though both strains 
are normally transmitted by lice. Recently, however, de Buen (1926) has 
shown that A, marocanus^ or a nearly allied species, is the vector in Spain. 

Mackie (1907a), observing an epidemic of relapsing fever in a settle- 
ment of boys and girls in India, concluded that the spirocheete (jT. carteri) 
was conveyed by lice (Fig. 644). There were more cases amongst the boys 
than the girls, who were less infested with lice than the boys. Spirochsetes 
were present in the intestine, body cavity fluid, and organs of the lice, 
and also in fluid pressed from the mouth parts. Transmission experi- 
ments were not successful. Similar observations were made by Sergent 
and Foley (1908) in Algeria. They succeeded in infecting a monkey with 
spirochsetes (T. berberum) by inoculating a crushed-up louse which had been 
removed from a human case six days before. The same observers gave a 
more detailed account of their observations in 1910, but obtained no con- 
clusive evidence to incriminate the louse except that two women who 
had slept in the lousy bedding of a case of relapsing fever and on whom 
lice from cases were placed contracted the disease. Smith (1909) came 
to the conclusion that relapsing fever in Egypt was a louse-borne disease. 

The exact mechanism of infection by lice was elucidated by Nicolle, 
Blaizot and Conseil (1912), working in Tunis. They failed entirely to 
convey the disease by the bites of lice, and noted that the spirochsBtes 
taken into the stomach disappeared entirely in five to six hours. After 
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the lapse of about eight days, spirocheetes appeared in the body-cavity 
fluids. At this period the material obtained by crushing lice in saline 
solution produced infection when injected into monkeys and when placed 
on the conjunctiva or excoriated skin of human beings. They concluded 
that infection was spread by scratching, during which material from 
damaged infected lice was brought into contact with scratches on the skin 
or conveyed on the fingers to the conjunctiva. It was also demonstrated 
that exceptionally the offspring hatched from eggs laid by infected lice 
were also infective. The number of actual transmission experiments made 
with lice does not appear to be numerous, though it is quite evident that 
the relapsing fever of Europe, Asia, North Africa, and North America, 
where lice alone are associated with the disease, is transmitted by these 



Fig. 544. — Pediculus vestimenti ( $ ) the Transmitter of Treponema recurrentis 
( X 13*5). (After Patton and Cragg, 1913, slightly modified.) 

arthropods. Selwyn-Clarke, le Fanu, and Ingram (1923) have transmitted 
the relapsing fever spirochsete of the Gold Coast by means of lice, which 
are undoubtedly the vectors in this locality. Manteufel (1908) showed 
that the European virus {T, recurrentis) could be transmitted from rat 
to rat by the agency of the rat louse (Hcematopinus spinulosus), while 
Neumann (1909) proved this for the African virus (T. duttoni). 

Many observers have attempted to transmit infection by means of bed 
bugs. These experiments have invariably failed, though it has been shown 
that the spirochsetes may persist in the stomach of the bug for as long as 
thirty days. The writer (see 6. U. Smith, 1909, p. 30) observed a persist- 
ence of living spirocheetes in the bug for twenty days. Nuttall (1908) 
proved that the spirochaete in bugs remained virulent for animals for at 
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least five days, while Dunn (1923) has shown that rats can be infected 
by inoculating them witlj^macerated bugs thirty-two days after ingesting 
spirochfiBtes. Mackie (1907) succeeded on one occasion in infecting a 
monkey by exposing it to the bites of bed bugs which had fed on an 
infected monkey immediately before; and Nuttall (1908) infected a mouse 
by transferring to it thirty-five bugs which had just partially fed on an 
infected mouse. Such direct transmission is probably comparable with 
the method of infection demonstrated by Mackie (1907), who infected 
monkeys by pricking them with a syringe needle which had been in- 
serted into the skin of infected monkeys. Dunn (1923) failed to effect 
transmission by bugs fed on infected men or animals one to thirty-six days 
previously. Experiments conducted with arthropods other than ticks 
and lice have invariably failed to transmit human relapsing fever. 

Development in the Invertebrate. — The most straightforward account 
of the behaviour of relapsing fever spirocheetes in the invertebrate host 
is that given by Nicolle, Blaizot and Conseil (1912 and 1913), and by 
Nicolle and Lebailly (1920). These observers studied the North African 
spirochsete (T, berberum) by making smears from lice at different intervals 
after feeding on infected blood, by examination of the tissues and fluids 
by dark-ground illumination, and finally by fixing entire lice, staining them 
by Levaditi’s silver nitrate method and cutting serial sections (Fig. 545). 
It was found that the spirochsetes disappear entirely from the stomach 
during the course of the first day after feeding. They at first become 
immobile, and finally disintegrate. At the anterior part of the stomach 
and in the oosophagus, the spirochsetes apply themselves to the surface 
of the lining cells, and many of them penetrate the cytoplasm of the cells. 
This stage is, however, of short duration, as no trace of spirocheetes can 
be found in the stomach or in the cells after twenty-four hours. The 
behaviour of the intracellular forms could not be traced, owing to the 
number of granules which occur naturally in these cells. From the time 
of the disappearance of the spirocheetes at the end of the first twenty-four 
hours to the sixth day, no trace of spirochaetes could be found anywhere 
in the lice. From the sixth day onwards, however, spirochsetes begin to 
appear in the body-cavity fluids, and, gradually increasing in number, they 
spread to all parts of the body, including the legs and antennae. They 
are still present in the body-cavity fluids on the nineteenth day. Sergent 
and Foley (1914), who confirmed these observations, observed spirochaetes in 
the body-cavity fluids as late as the twenty-fifth day. According to Nicolle 
and his co-workers, the forms which appear are distinctly narrower and 
finer than those originally ingested. The organisms, after their disappear- 
ance from the lumen of the stomach and the lining cells, never reappear 
in this situation, and no information was obtained as to what happens to 
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them during the interval between their disappearance from the stomach 
and reappearance in the body cavity. The method of conveyance of 
infection to man is by damage caused to lice on the skin. These insects 
are easily hurt, the exceedingly delicate legs being readily broken off. 
When this occurs, the body-cavity fluid escapes on to the skin, and infection 
of the wounds inflicted by the louse, or by scratching, takes place. It is 
pointed out that a human being who had allowed himself to be bitten 
from 30,000 to 40,000 times by infected lice never became infected, as 
care had been taken not to damage the insects. As already remarked. 
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Fig. 545. — Sections of Lice stained by Silver Nitrate Method after Feeding 
ON Blood infected with the Relapsing Fever Spirochete ( x ca . 450), 
(After Nicolle and Lebailly, 1920.) 

1. Stomach of louse fixed six hours after first feed on infected blood and immediately after a 

second feed on ucinfected blood. Epithelial cells containing granules of blood-pigment 
and spirochaBtes lying on surface of cells and between them. 

2. Leg of louse nine days after feed on infected blood. SpiroclKctcs in the intramuscular spaces. 
.‘1. Antenna of same louse as in 2. 

it was found that only occasionally did the infection pass through the 
eggs of lice to the succeeding generation. 

As regards the course of development of spirochsetes in ticks, there 
are two views. Dutton and Todd (1907), working with T. duttoni and 
Ornithodorus moubata, first called attention to the breaking up of the spiro- 
chsetes into granules, which occurred in numbers in the Malpighian tubes, 
and they suggested that the granules possibly represented a method of 
reproduction. Leishman (1918, 1920) likewise maintains that the spiro- 
chaetes ingested by the ticks break up into granules, which are able to 
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reproduce by simple or multiple division. These granules, which are 
spherical, rod-shaped, or comma-shaped, occur particularly in the Mal- 
pighian tubes and ovaries. They often occur in clumps, which sometimes 
appear to be enclosed by a membrane. They are supposed to represent 
the phase of development of the spirochsetes at low temperatures. When 
the ticks are kept at a temperature of 34° to 37° C., the granules are said 
to elongate, and finally become transformed into spirochsetes, which render 
the ticks infective. By the use of the dark field Leishman (1920) believes 
that he has obtained evidence of the growth of spirochsetes from the 
granules (Fig. 546). Similar granules were described as stages of develop- 
ment of the chicken spirochsete, T, anserinum (T. gallinarum), in Argas 
persicus by Balfour (1911), Fantham (1911), and Kindle (1912). According 
to the second view, the granules do not represent a phase in the de- 
velopment, but are derived from disintegrated spirochsetes, or belong 
to the tissues of the tick. Wittrock (1913) stated that he was able 
to find the granules in uninfected as well as infected specimens of 
0. moubata. They also occurred in the larvse hatched from eggs laid by 
uninfected adults. Wittrock also proved that ticks were already in- 
fective within an hour of feeding on blood containing spirochsetes, and 
that they remained continuously infective for ninety days. Spirochsetes 
were at first difficult to find in the body-cavity fluid, but became more 
numerous after the lapse of several weeks. He came to the conclusion 
that there is a continuous but slow mxiltiplication of the spirochsetes at 
low temperatures. At higher temperatures reproduction is more rapid. 
Kleine and Eckard (1913), as also Gonder (1914), expressed similar views. 
The former found that ticks were not infective if spirochsetes could not 
be demonstrated in the fluids of the body. Spirochsetes occurred in the 
eggs of the ticks, and it was concluded that the eggs were invaded by actual 
spirochsetes, and not by any other form. Ticks which contained only the 
granules or comma forms of Leishman were unable to produce infection. 
Koch (1905) had already noted that spirochsetes taken up by 0. moubata 
did not multiply in the intestine, from which they quickly disappeared. 
Later, they appeared in the body cavity, and could be found in large 
numbers about the ovaries. Spirochsetes were also demonstrated by 
Koch within the eggs which had been laid. In newly-laid eggs they were 
scanty, but they increased rapidly by active multiplication, till tangled 
masses of spirochsetes were present. The observations of Koch were 
confirmed by Carter (1907). 

It is difficult to form a definite opinion as to the true nature of the 
granules described by Leishman, who claims to have seen stages which 
suggest the growth of the granules into spirochsetes. In dealing with such 
minute objects which assume various shapes and forms, it is exceedingly 
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difficult to be sure that a series which is traceable in smears actually 
represents an evolution of granules into spirochsetes. It has also to be 
remembered that similar granules have been found by Wittrock in ticks 
which, as far as can be judged, were free from spirocheetal infection. On 
the other hand, there is the definite fact that the spirochsBtes disappear 
from the stomach and intestine, and only later become recognizable in 
the body-cavity fluid and tissues of the ticks. It is just as reasonable to 
assume that they are present, but are at first too few in number to be 
detected, as to suppose they occur in granule form. It does not seem 



Fig. 546. — Dark-Ground Appearance of Tissues of Ornithodorus mouhata, 
SHOWING Apparent Transformation of Granules into Spirochetes 
( X 2,000). (After Leisiiman, 1918. From Tropical Diseases Bulletin, 
vol. xii., p. 209.) 

1-6. Granule clumps enclosed by membrane. 

7-10. Commencing growth of spirochsetes from granule clumps. 

11-17. More advanced stages in growth. 

18-21. Double growth from granule clumps. 

impossible that the granules of Leishman and other observers are of the 
nature of Rickettsia, which have been found to occur in various arthropods, 
and which have been dealt with above. It is an undoubted fact that many 
of the spirochsetes ingested by ticks degenerate, and in so doing "may 
break up into granules, but that granules actually grow into spirochastes 
again has not been proved. That spirochsetes have a granule or spore 
phase in their life-history is not impossible, but lacks demonstration. It 
seems to the writer more reasonable to assume for the present that the 
spirocheete in the body of both its vertebrate and invertebrate host 
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remains as a spirochsete, and multiplies continuously by transverse fission, 
and that when it is apparently absent in material proved to be infective 
to animals, this is due, not to its having assumed some other form, such as 
that of a granule, but to its numbers being so scanty that it escapes 
recognition. It is safer to accept this view till absolute proof of the 
existence of a granule phase has been obtained. 

Susceptibility of Animals. — Of experimental animals, the monkey is 
most susceptible to inoculation from human beings. The course of the 
infection is similar to that in man, and there may occur one or more 
relapses. Rats and mice are less readily infected from man, though 
frequently a transient infection lasting about twenty-four hours is pro- 
duced. These animals are more readily infected after a strain has been 
passed into the monkey. Spirochsetes appear in the blood in about two 
or three days, and persist for two or three days longer, when they dis- 
appear. Though relapses in these animals are of rare occurrence, the 
blood may still be infective for many days after this. Todd (1920) 
showed that the heart blood of rats could still produce infection when 
injected into other rats as long as thirty-five days after the apparent 
disappearance of spirochaetes. The writer inoculated a mouse with Try- 
panosoma cruzi thirty days after it had recovered from a spirochaetal 
(T. duttoni) infection. With the appearance of trypanosomes in the 
animal, the spirochaetal infection of the blood recurred. 

When once an infection has been established in mice or rats, it may be 
kept indefinitely in these animals by sub-inoculations. It has been claimed 
that animals are more readily infected with T. duttoni than other supposed 
species, but there is no real ground for this assertion. Individual strains 
of one and the same species vary considerably in their virulence for animals. 

Fraenkel (1907) proved that mice could be infected by allowing them to 
feed on the tissues of infected mice. Manteufel (1908) infected animals by 
placing infected blood on the intact skin, while Nattan-Larrier (1909) showed 
that infection readily took place by introduction of blood into the mouth, 
rectum, vagina, and conjunctiva, as well as on to the shaved skin of rats. 

Culture. — Though it has been noted that relapsing fever spirochaetes 
will survive for many days in blood diluted with various fluids, only a few 
observers have been able to maintain a strain by continued sub-culture. 
Noguchi (1912) cultivated various strains in the following manner: A 
piece of rabbit kidney is placed in a test-tube and a few drops of infected 
blood are then added, after which about 16 c.c. of ascitic or hydrocele fluid 
are introduced. Grow^th took place at 37° C. Sub-cultures were obtained 
in a similar manner. Hata (1913) simplified this method. He used horse 
serum diluted with twice its volume of physiological saline solution. 
Test-tubes containing a requisite quantity of the mixture are heated in the 
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water bath at a temperature rising slowly from 58° to 71° C., at which they 
are kept for thirty minutes. When cool, a piece of the huffy coat on the 
surface of the horse blood-clot or a piece of kidney is pushed through the 
semi-solid medium to the bottom of each tube. In this medium at 
37° C. the maximum growth of spirochsetes is obtained on the fifth to the 
seventh day. More recently, Kligler and Robertson (1922) have been 
successful with a medium made as follows: Horse or rabbit serum is diluted 
with one or two parts of saline solution or undiluted ascitic fluid. To each 
10 c.c. of this fluid is added 1 c.c. of a 10 per cent, peptone broth. The 
reaction is adjusted to pH =7*2, and 3 to 4 c.c. of the mixture are placed 
in each test-tube, which is inoculated with a drop of blood or 0-1 c.c. of 
fluid from a previous culture, and the surface is covered with a layer of 
oil. In the case of the sub-cultures, a drop of rabbit’s blood may with 
advantage be added just before the layer of oil. The tubes are incubated at 
28° to 30° C. Aristowsky and Holtzer (1924) report that they have passed 
a strain through 200 sub-cultures during the course of a year and a half. 
The medium used was prepared by adding 8 c.c. of saline solution to 4 c.c. 
of the serum of a young horse in a test-tube, and then introducing a piece of 
blood-clot or white of a hard-boiled egg. The tubes were inoculated, and 
then incubated at 35° C. It was necessary to sub-culture every forty- 
eight to seventy-two hours. 

Growth in these media is slow, the spirochsetes never becoming so 
numerous as they do in cultures of leptospira. 

Passage through Filters. — Novy and Knapp (1906), as well as other 
observers, have shown that the relapsing fever spirochsete may pass through 
the pores of a Berkefeld filter. Blood diluted with ten parts of saline- 
citrate solution was filtered under a pressure of 50 pounds. The filtrate 
was infective to rats, Breinl (1907) observed that T, duttoni in the tissues 
of experimental animals broke up into granules, and he and others have 
supposed that it is these forms which pass through the filter and render 
the filtrate infective. Todd (1920) repeated this experiment, as other 
observers have done. In two cases spirochaetes were actually seen in the 
filtrate, so that there is no reason to suppose that its infectivity was due 
to any hypothetical granular stage of the organism. 

Action of Drugs. — Infections with T, recurrentis are readily controlled 
by intravenous injections of salvarsan or allied arsenic compounds. A 
single suitable dose will cut short the disease in such a way that relapse 
does not occur in the majority of cases. No other drugs have this marked 
effect upon relapsing fever spirochsetes. 

BLOOD SPIROCHETES OF CATTLE.— Theiler in the Transvaal was 
the first observer to discover spirochaetes in the blood of cattle. The 
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organism was studied by Laveran (1903) in films sent him by Theiler, 
and he named it Spirillum theileri. It measures 20 to 30 microns in length, 
and closely resembles the relapsing fever spirochsetes of man. The same 
organism was seen by Ziemann (quoted by Liihe, 1906) in a calf in the 
Cameroons, Koch (1906) in German East Africa, Lingard (1907) in India, 
Schein (1910) in Annam, Carpano (1912) in Eritrea, and Blieck (1913) 
in Java. Heanley (1906) saw a very similar spirochsete in the blood of 
buffaloes in China. The organism seen by Nuttall (1910) in blood-films 
made from a buffalo {Bos caffer) of East Africa, and which was named 
by him Spirochceta bovis caffris, is undoubtedly an intestinal form which 
had contaminated the blood-films. 

Theiler (1905) and Dodd (1906) showed that T, theileri was directly 
inoculable from ox to ox, and also from ox to sheep. The natural trans- 
mission is by means of ticks, as demonstrated by Theiler (1906 and 1909). 
Margaropus decoloratiis, a one-host tick, ingests spirochsetes which pass 
into the egg, so that the newly-hatched larvse are infected. Rhipicephalus 
evertsi, which does not remain on one host, acquires infection through the 
egg, like M. decoloratus, but is also infective in the adult stage through 
the nymphs having fed or* infected animals (Fig. 429). With ticks 
(M. decoloratus) received from Theiler, Laveran and Vall4e (1905) were 
able to infect cattle in France. Koch (1905) stated that he had followed 
the development of the spirochsete in ticks as far as invasion of the egg. 
Brumpt (1919), working in France, was able to infect cattle with T. theileri 
by feeding ticks {M, australis) which had been sent to him from Brazil. 
According to Theiler, the spirochaetes are usually present in the blood 
of infected animals in small numbers only, and give rise to no symptoms. 
When the cattle are ill with other infections, such as piroplasmosis, large 
spirochaetal infections may occur. 

BLOOD SPIROCHETES OF HORSES. — The spirochsete which occurs in 
the blood of horses was discovered by Theiler (1904) in the Transvaal. 
It was named Spirochceta equi by Novy and Knapp (1906). Dodd (1906) 
showed that the spirpchaete was inoculable to sheep and cattle, and 
concluded that it was identical with T. theileri. The same organism 
was seen by Martin (1906) and by Stordy (1906) in British East Africa. 
Carpano (1912) observed it in Eritrea, Petzoldt (1915) in German East 
Africa, and Velu (1916) in Morocco. Velu stated that he had been 
able to infect rats, dogs, rabbits, and even fowls. The spirochsete of 
the horse resembles T, theileri of cattle, and, as suggested by Dodd, is 
probably the same species. 

Trautmann (Miihlens, 1913) saw a spirochsete in the blood of a donkey 
in German East Africa, an observation also made by Mason (1916) in 
Egypt. 
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BLOOD SPIROCH/ETES OF SHEEP.— The spirochaete of the sheep 
was first seen by Theiler (1904) in the Transvaal. Dodd (1906), as a 
result of inoculation experiments, came to the conclusion that it was 
identical with T, theileri of cattle. The same organism was seen by 
Martoglio and Carpano (1904) in Eritrea, and was named Spirochceta ovina 
by Blanchard (1906). It was also found by Liihe (1906) in films made in 
the Cameroons and by O’Brien (Simpson, 1914) in the Gold Coast. Macfie 
(1916), who saw spirochsetes in blood-films of sheep and goats in the Gold 
Coast, states that, as his films were made at the slaughter-house, it is 
not impossible that the films had been contaminated from the intestine. 
From the character of the spirochsetes, this seems a very probable ex- 
planation of their presence in the blood-films, 

BLOOD SPIROCH,ffiTES OF PIGS. — No one appears to have found spiro- 
chaetes of the relapsing fever type in the blood of pigs. King, Baeslack 
and Hoffmann (1913), under the name of Spirochceta suis, described an 
organism from the blood of pigs suffering from swine fever. It measured 
5 to 7 microns in length and 1 micron in breadth. Arnheim (1914) saw 
what was possibly the same spirochaete. Numerous authors have recorded 
spirochaetes from the intestine of pigs and in intestinal ulcers, and the 
highly improbable suggestion that these are the cause of swine fever has 
been made. It is possible that the blood forms are really the intestinal 
spirochaetes. Macfie (1916) found spirochaetes in the blood of slaughtered 
pigs on the Gold Coast, but it seems very probable that these and similar 
forms seen in films made from slaughtered cattle, sheep, and goats were 
contaminations from the intestinal contents. It is remarkable with what 
ease blood becomes contaminated with intestinal organisms if the intes- 
tine has been damaged before films are made from the blood of an animal 
which has been opened. 

BLOOD SPIROCHETES OF OTHER MAMMALS.— Lingard (1907) recorded 
spirochaetes of the relapsing fever type from the blood of camels and 
elephants in India. Bruce, Hamerton, Bateman. Mackie and Lady Bruce 
(1911) observed a spirochaete in the blood of a bush buck (Tragelaphua 
scriptus) in Uganda. It measured 9 to 15 microns in length, and was 
inoculable to white mice. It was named Spirochceta brucei by Brumpt 
(1913). A very similar form w^as seen by Todd and Wolbach (1912) in 
the blood of a roan antelope {Hippotragus equinus) in the Gambia. The 
forms seen by Ross, P. H. (1907), in blood films made from antelope 
which had been shot were probably intestinal contaminations. 

Monkeys have been extensively employed in experimental work in 
human relapsing fever, to which they are more susceptible than other 
animals. Naturally occurring spirochsetal blood infections of monkeys 
have been observed on several occasions. Castellani and Chalmers (1910) 
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described as Spirochata macaci a spirochsete seen by them in Macacus sp. 
in Colombo. It resembled the relapsing fever spirochsete of man in India. 
Thiroux and Dufougere (1910) observed a similar form in Cercopithecus 
patas of Senegal, and named it S. pithed, while Ranken (1912) saw one in 
C, ruber in the Sudan. It was inoculable to mice, in which animals the strain 
was maintained by sub-inoculations. Plimmer (1912) saw a similar form in a 
monkey (C. sabceus) which had died in the Zoological Gardens in London. 

SpirochsBtes have been recorded from the blood of many smaller 
mammals. Mathis and Leger (1911) observed a form of the relapsing 
fever type in rabbits in Tonkin. It measured 14 to 17 microns in length, 
and was named S. raillieti. A similar form was described by Gasperi 
(1912) from the guinea-pig. 

A small organism 2 to 9 microns in length and possessing two to six 
spirals was obtained in culture in defibrinated blood containing glucose 
by Macfie (1914) from a guinea-pig in West Africa. 

The small North African rodent, Ctenodactylus gundi, was found by 
Nicolle (1907) occasionally to harbour a spirochaete of the same type, 
which was named S- gondii. Leger, A. (1917, 1918), observed a spirochaete 
of the relapsing fever type in the small rodent, Croddura stampjlii, of Dakar 
in West Africa, and gave it the name S. croddurw. Later, Leger, M. (1924) 
observed what appeared to be the same organism in liattus norvegicus, 
Rattus coucha, and Golunda campanw of the same locality, and suggested 
the possibility of these rodents acting as reservoirs of the spirochaete of 
human relapsing fever. As Ornithodorus moubata does not occur in this 
locality, some other vector must be responsible for the transmission. The 
form seen in C. stampflii was studied by Leger, A., and Le Gallen (1917), 
who found that it was inoculable to rats, mice, and monkeys, in which it 
behaved like the human relapsing fever spirochaete. 

Nicolle and Comte (1905, 1906) discovered a spirochaete 12 to 18 microns 
in length in the bat, V espertilio kuhli, in Tunis. The infection was trans- 
missible by blood inoculation to uninfected bats. Novy and Knapp (1906) 
proposed the name S. vespertilionis for this organism. It was again seen 
by Gonder (1907) in the same bat, and by Coles (1914) in Vesperugo 
pipistrellus in England. 

Bosselut (1925) describes a spirochaete of the relapsing fever type in the 
blood of a dog in Algiers. He names the organism Spirochceta canina. 

In connection with rat-bite fever, attention will be called to the 
occurrence of small organisms which are probably spirilla in the blood 
of rats and mice. These forms have been seen by a number of observers 
(p. 1285). The one described by Prowazek (1907) as S. lutrce from the blood 
of an otter is very similar, as also that recorded by Carpano (1912) from the 
blood of a marmot of Eritrea. 
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BLOOD SPIROCHiETES OF BIRDS.— SakharofE (1891) observed spiro- 
chsetes in the blood of sick geese in the Caucasus, and regarded them 
as pathogenic. He named the organism Spirochceta anserina (Fig. 647). 
Marchoux and Salimbeni (1903) described a similar disease of fowls in 
South America, and demonstrated its transmission by Argas persicus. 
The spirochaete of fowls was referred to as Spirochceta gallinarum by 
Stephens and Christophers (1904). 

Spirochaetosis of fowls has now been found to occur in many parts 
of the world. The disease in geese has been less commonly seen. It 



Fig. 547. — Treponema anserinum from the Blood of a Fowl( x 1,000). (Original.) 

An eosinophile leucocy te, a mononuclear leucocyte, and several red blood-corpuscles are 

shown. 

occurs also in ducks, as noted by Parrot (1920), who suggests the name 
Spirochceta anatis for the organism. Mason (1916) records spirochaetal 
infections of fowls, ducks, and geese in Egypt. 

As with the relapsing fever spirochaetes of man, many investigations 
have been conducted with strains of the spirochaete found in fowls, with 
the result that numerous specific names have been given. Thus, Brumpt 
(1909) proposed the name S, neveuxi for a strain from Senegal and 
(1909a) S. nicollei for one from Tunis. Balfour (1911) suggested the 
name S, granulosa j)enetrans for the Sudan form, because of certain 
granular structures occurring in the red blood-corpuscles of infected fowls, 
which he regarded as possibly representing developmental stages of the 
spirochaetes. Neumann and Mayer (1914) gave the name S, gallinarum 
var. hereditaria to a North African strain studied by Hindle (1912) on 
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account of the fact that the infection passed through the eggs of the tick 
to the third generation. There seems to be very little doubt that the 
various spirochsetes described from fowls, geese, and ducks belong to one 
species, and no reliance can be placed upon the immunity test as a means 
of separating species. The correct name for the spirochsete is Treponema 
anserinum (Sakharoff, 1891). Morphologically, it closely resembles the 
relapsing fever spirochsete of man. It is very doubtful if the two forms 
can be distinguished morphologically. 

Fowls which have been inoculated with infected blood or exposed 
to infected ticks first show spirochastes in the blood in two to four days. 
Death may occur four or five days later, when the blood contains enormous 
numbers of spirochaetes, which are often agglomerated in masses towards 
the end of the disease. In some cases the disease runs a more chronic 
course, and fowls may survive two or more weeks. As it progresses, the 
fowls become increasingly weak, emaciated, and anaemic, till finally they 
are unable to stand, and death follows. 

Susceptibility of Birds and other Animals. — The organism is readily 
inoculated from fowl to fowl, and also to geese, ducks, turkeys, canaries 
and other small birds. Pigeons are not so easily infected, though Gerlach 
(1925) successfully infected one bird. Levaditi (1904) succeeded in 
producing a temporary infection in rabbits by injecting large quantities 
of blood into the peritoneal cavity, and in conjunction with Lange (1905), 
by using very young rabbits, was able to hand on the infection from one 
animal to another. Deutz (1912) succeeded in infecting mice, but the 
spirochaetes remained in the blood for not more than seventy-two hours. 
By direct inoculation from bird to bird the virulence of a strain increases 
considerably, as pointed out by Montgomery (1908). 

Like the relapsing fever spirochaete of man, T. anserinum can be 
cultivated, as first demonstrated by Noguchi (1912a). 

Possible Intracellular Stage. — As regards the development of T, anserinum, 
reproduction by binary fission is the only method which is certainly 
known. The advocates of the “ infective granule theory ’’ believe 
that under certain conditions the spirochaete may break into granules 
which can again develop into spirochaetes, as explained above for the 
relapsing fever spirochaetes of man. Balfour (1907) drew attention to 
curious bodies which occur in the red blood-corpuscles of Sudanese fowls 
(Fig. 548). He later discovered that these bodies were associated with the 
presence of spirochaetes in the blood, and came to the conclusion that they 
were probably derived in the first place from spirochaetes which had pene- 
trated the red cells. No satisfactory evidence of the actual penetration of 
a cell by a spirochaete and its transformation into a granule was obtained. 
It was concluded that the granule, which has the appearance of a 
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coccus, increased in size and became a group of granules, the process being 
supposed to represent a multiplication by schizogony. It seems to the 
writer that the possibility of these granular bodies being extruded portions 
of the nuclei resulting from the profound changes which occur in the blood 
during the course of an infection has not been excluded. In apparently 
healthy birds the separation of small portions of the nuclei of the red 
blood-corpuscles appears to be of regular occurrence, and it is possible 
that this may be exaggerated in the case of fowls suffering from spiro- 
chsBtosis. Kindle (1912) came to the conclusion that this was the explana- 
tion of the granules described by Balfour. In view of the fact that the 



Fig. 548 . — Intracorpuscular Bodies occurring in Association with Spiro- 
CHAETOSIS OF FOWLS IN THE SUDAN ( X 1 , 000 ). (AFTER BaLFOUR, 1909 .) 

intracorpuscular bodies did not occur in fowls infected with the spiro- 
chaete in other localities, such as South America, Balfour (1914) suggested 
that in the Sudan, and also South Africa, where Jowett (1910) had noted 
a similar condition, there were possibly two distinct infections — one caused 
by the spirochaete, and the other by an intracorpuscular parasite — which 
ran concurrently in the fowls. The fact that Franchini (1924a) in Italy has 
seen what appear to be identical bodies in the blood-corpuscles of a bird 
{Hypoleis hypoleis) without any associated spirochaete infection rather sug- 
gests that this explanation may be the correct one. If the bodies actually 
represent a distinct parasite, it is difficult to associate it with any of the 
known intracorpuscular parasites, none of which it appears to resemble. 
Dschunkowsky and Urodschevitch(1923) have noted the same bodies in 
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Macedonian fowls suffering from spirocheetosis. Gerlach (1926) failed 
to find them in Austria, where fowl spirocheetosis occurs. 

Transmission. — Marchoux and Salimbeni (1903) were the first to demon- 
strate the transmission of the fowl gpirochsete by Argas miniatus in 
South America. Balfour (1907) suspected the tick A, persicus as being the 
transmitting agent of fowl spirocheetosis in the Sudan, while Reaney (1907) 
made a similar claim for the disease in India (Fig. 549). Brumpt and Foley 
(1908) succeeded in infecting fowls with A. persicus collected twenty-three 
to thirty-five days before in an endemic focus of the disease in North 
Africa. Galli-Valerio (1908) shortly afterwards published an account 
of the successful infection of fowls in Switzerland by means of ticks sent 

from Tunis. This tick is now known 
to be the vector throughout the Old 
World. In Australia, Dodd (1910) and 
Gilruth (1910) discovered the disease 
in fowls, and demonstrated its trans- 
mission by ticks, which were supposed 
to be A, persicus. Other ticks are also 
capable of transmitting the spirochoete 
experimentally, but that they do so in 
nature is doubtful. Schellack (1908) 
incriminated A. rejlexus, an observa- 
tion confirmed by Williamson (1908) in 
Cyprus. Fiilleborn and Mayer (1908), 
Brumpt (1908), and Neumann (see 
Neumann and Mayer, 1914), demon- 
Fig. 549. -Argas persicus ( 9 ), strated that Ornithodorus moubata could 
THE Chief Transmitter of convey infection. Mayer (1914) 

Treponema anserinum (x8}. . x j x*i.x 

(Original ) transferred a number of mites from 

canaries infected with T. anserinum to 
healthy canaries. In a few days the birds became infected, so that it is 
evidently possible for mites to play the part of transmitting host. Gerlach 
(1925) has succeeded in transmitting the disease from fowl to fowl by 
means of the mite Dermanyssus avium in Austria. He believes that the 
mite is the chief vector in this locality. 

Development in the Tick. — The development of T. anserinum in 
A. persicus has been extensively studied. The infection will pass through 
the egg to the next generation, and, as demonstrated by Hindle (1912), 
without reinfection this generation may hand it on to the next. There 
is the same difference of opinion as to the behaviour of T. anserinum in 
A. persicus as there is for the relapsing fever spirocheetes of man in 
0. m,oubata. Balfour, in his studies, which extended from 1907 to 1913, 
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observed the breaking up of the spirochsetes into granules and the pres- 
ence of granules in large numbers in the tissues of the ticks, which, though 
infective, appeared to be free from spirochsetes. Hindle (1912) gave a 
description and diagram of what he considered to be the life-cycle of 
T. anserinum in A, persicus and in the fowl (Fig. 550). The tick is supposed 
to inoculate granules into the body of the fowl or to contaminate the 
puncture wound with granules in its excreta. These grow into spirochsetes, 
which reproduce by fission in the usual manner. A spirochsete may also 
break up into granules, which may again become spirocheetes. The 
spirochsetes taken into the tick invade the cells of the body, especially 
those of the Malpighian tubes, and in these, as also in the lumen of the 
gut, they break into granules, which multiply till very large numbers are 
produced. It is these granules which Hindle supposes are inoculated into 
the fowl or invade the egg of the tick to produce infection of the succeed- 
ing generation. Hindle found that if ticks which had fed on infected 
blood were kept at a uniform temperature of 28° C. the spirochaetes 
disappeared in a few days, being replaced by the coccoid bodies or granules, 
which occurred chiefly in the cells of the Malpighian tubes and ovaries, 
as also in the lumen of the gut. If a batch of ticks in this condition were 
incubated at 37° C., it was found that spirochaetes appeared in the coelomic 
fluid and later in all the organs of the body. By the examination of ticks 
at difrerent intervals Hindle came to the conclusion that he had traced the 
elongation of the coccoid bodies and their final transformation into spiro- 
chaetes. Similar changes were detected in eggs incubated at 37° C. These 
observations were made with stained films only, and it is possible that 
though the coccoid bodies actually elongated at the higher temperature, 
their transformation into spirochaetes was only apparent, and resulted from 
a rapid multiplication of a few spirochaetes which were present. It seems 
that the absolute proof that the coccoid bodies were stages of the 
spirochaete, or that they developed into spirochaetes was not obtained. 
Marchoux and Couvy (1913) studied the infection in A, persicus, and 
came to the conclusion that the granules in the ticks were structures 
which occurred in this tick and other arthropods quite apart from the 
presence of spirochaetes. Furthermore, they stated that when a tick 
had once taken up spirochaetes these are constantly present, though 
sometimes so fine in starving ticks that special staining methods have 
to be employed for their demonstration. On this account it is never 
possible to be sure of inoculating fowls with material containing granules 
alone. According to Marchoux and Couvy, the spirochaetes enter the 
salivary glands, and when they cannot be found in the tissues of the ticks 
they are still present in the salivary ducts. They also state that when 
eggs are laid they are coated with fluid from special secretory glands. 
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This fluid contains spirochsetes, which penetrate the eggs, even passing 
through their chitinous envelopes. A single egg may contain as many 



Tig. 550. — Life-Ctci,e op Treponema anserinumiv the Blood of the Fowl and 
IN THE Tick (Argas persieus), according to IJindle. (After Hindle, 1911 ; 
from Parasitology, vol. iv., p. 475.) 

as thirty spirochaetes. Hindle has informed the writer that he also has 
found spirochsetes in the salivary duct of ticks which have been kept at 
a temperature of about 27° C. 



TREPONEMA ANSERINUM 


1267 


It seems safe to conclude, therefore, that even though some of the 
granules in the ticks may have been derived from the spirochsetes, there 
is no conclusive evidence that they can again develop into spirochsetes. 
It does not seem improbable that the spirochsete remains in the tick in the 
spirochsete form, that it multiplies by fission as it does in the blood of the 
fowl, and that it is actually in this form that it infects the fowl, and invades 
the eggs of the tick to lead to infection of the next generation. 

Topfer, quoted by Miihlens and Hartmann (1906), cultivated a spiro- 
chsete from the blood of the little owl (Athene noctua), while Franchini 
(1924) has described a spirochsete infection of snipe (Gallinago gallinago) 
in Italy. The organisms, which were numerous in the blood, were 10 to 18 
microns in length. 

BLOOD SPIROCHETES OF COLD-BLOODED VERTEBRATES.— Spirochaetes 
have been described from the blood of reptiles by several observers. 
Dobell (1910) saw a spirochaete of the relapsing fever type in the Ceylon 
snake, Tropidonotus stolafus. He named it Spirochceta tropidonoti, while 
Neiva, da Cunha and Travassos (1914) described as Treponema tropiduri 
a form seen by them in the South American snake, Tropidurtis torquatus. 

Spirochaetes have been found in fish, especially marine forms, by 
several observers. Dutton, Todd and Tobey (1906) described as S,jonesii 
a spirochaete-like organism from the African fish, Clarias angolensis. 
As there is difficulty in obtaining uncontaminated blood from fish, it 
is possible this was not actually a blood spirochaete. Neumann (1909a) 
described two forms (S. gadi and S. pelamidis) from the marine fish, 
Gadus minutus and Pelamys sardi, Henry (1910 and 1912), and Duboscq 
and Lebailly (1912 and 1913) described spirochaetes to which they gave 
various specific names from a number of marine fish of which spirochaetal 
infections appear to be of common occurrence. 


Spirochaetes which Occur Chiefly in the Tissues. 

Certain spirochaetes which live in tissues, such as Treponema pallidum, 
are definitely parasitic, while others which occur in the superficial parts 
of chronic ulcers are merely saprophytic. It is not improbable that the 
latter are intestinal forms which have contaminated the lesions, while 
the possibility of their origin from free-living organisms has to be 
considered. The whole question of the relationship of these saprophytic 
spirochaetes to free-living and intestinal forms requires investigation. 

TISSUE SPIROCHETES OF MAN.— Syphilis, Yaws, and Rabbit Syphilis.— 

Of the spirochaetes which can be regarded as tissue-invading forms 
the most important is Treponema pallidum, the cause of syphilis, which 
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is handed on from one person to another by contact of infected surfaces. 
It has essentially the same structure as the relapsing fever spirochsetes, 
from which it differs only in being smaller and in having a larger number 
of coils for any given length. There exists a whole series of spirochsBtes 
showing every grade of transition between T. pallidum and T. recurrentis. 
Some of the spirochsetes which occur in the mouth are structurally 
identical with T. pallidum^ as also certain free-living spirochsetes found in 
water and described by Zuelzer (1921). 



Fig. 651. — Treponema pallidum in Smear from a Secondary Syphilitic Lesion 

( X 2,000). (Original.) 

T. pallidum, as it occurs in human tissues, varies in length from 5 to 
16 microns (Fig. 551). It is exceedingly fine, being barely *26 microns 
in breadth. A form of intermediate size has about ten spiral turns, 
which towards the centre of the organism are slightly broader and closer 
together than at the extremities, which may be represented by portions 
which show no spiral turns. On account of its fineness and small size, 
prolonged staining of very thin films with good Romanowsky stains is 
necessary to colour it satisfactorily. It can readily be demonstrated in 
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films and tissues by silver nitrate methods, but is best seen with dark- 
ground illumination (Fig. 552). The organism has been demonstrated 
in all stages of syphilis, though in tertiary lesions and in the tissues of 
cases of general paralysis it is present in small numbers only. 

An organism which is morphologically indistinguishable from T. paU 
Udum was described by Castellani (1905, 1905a) in the lesions of yaws 
(Fig. 553). He (1905) suggested for this organism two names — Spirochceta 
pertenuis and S, pallidula — the first of which, being the first mentioned, 
will give the correct specific name. Both T, pallidium and T, pertenue are 
very susceptible to salvar- 
san and allied drugs. Salts 
of bismuth are only a little 
less active, while those of 
mercury are able to eradi- 
cate infections, especially 
in the tertiary stage. 

Arzt and Kerl (1914) 
drew attention to a venereal 
disease of rabbits, in the 
genital lesions of which 
they discovered an organ- 
ism which appeared to be 
morphologically identical 
with that of syphilis. 

Organisms of a similar type 
had been noted previously 
in rabbit lesions by Ross 
(1912) and Bayon (1913). 

The disease, which had 
been studied by Scheres- 
chewsky (1920), Klaren- 
beek (1921), Levaditi, Marie 
and Isaicu (1921), Warthin, Buffington and Wanstrom (1923), and others, 
is readily communicable to healthy rabbits, but other animals, including 
monkeys, are not susceptible to inoculations. Rabbits which have 
recovered from the infection are still susceptible to inoculations with 
T, pallidum, Noguchi (1921a) suggested the name T. cuniculi for the 
organism occurring in the spontaneous disease of rabbits. 

With the organism of syphilis there have been carried out numerous 
serological investigations which have culminated in the well-known 
Wassermann test for the disease. This test is dependent upon what is 
termed “ fixation of the complement,” owing to the fact that complement, 



Fig. 552. — Section of Liver of Child with 
Congenital Syphilis, showing Treponema 
pallidum (Silver Nitrate Stain) { x 800). 
(After Soberniieim from Kolle and 
Wassermann’s Handbuch, 1913.) 
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wMcli is present in normal blood, combines with antigen — an emulsion of 
the organism, an extract made from it, or some substitute — in the presence 
of the antibody produced by the organism. The test is made by adding 
to a mixture of antigen and complement the serum which may or may 
not contain antibody (amboceptor). If antibody be present — i.e., if there 
is an infection — the complement will be fixed. Fixation of the comple- 
ment is detected by adding to the mixture of the three substances red 
blood-corpuscles and homologous haemolytic serum. If the complement 
be free, the red blood-corpuscles are visibly haemolysed. 

Ulcus tropieum. — This 
somewhat ill-defined disease 
is characterized by a chronic 
ulceration of the skin, 
especially of the lower limbs, 
which affects persons in 
tropical countries. Though 
spirochaetes, frequently asso- 
ciated with fusiform bacilli, 
had beenfound by numerous 
observers in chronic ulcera- 
tions of the skin, it was 
Prowazek (1907), and later 
Key sselitz and Mayer ( 1 909) , 
who attempted to define the 
disease as an ulceration 
caused by a spiroch 80 te 
named by Prowazek Spi- 
rochoita schaudinni. The 
range of dimensions of this 
organism is given as G to 
35 microns, the majority of 
forms measuring 12 to 25 microns, so that in size they correspond with the 
relapsing fever spirochsetes (Fig. 554). As regards the spirals, most of 
the descriptions have been based on the appearances in dried films, 
which, as pointed out above, obliterate the natural turns present in the 
living organisms. The figures show forms which are merely fine filaments, 
and others with spirals like those of the relapsing fever organisms. It 
is probable that in the living condition TTeponema schaudinni is struc- 
turally very similar to T, recurrentis. In sections of a number of ulcers 
which the writer examined it could be seen that the surface of the ulcer 
contained spirocheetes, fusiform bacilli, and other organisms. A little 
deeper there was a layer of spirocheetes and fusiform bacilli, while, deeper 



Fig. 653 . — Treponema pertenue in a Section of a 
Lesion in Experimental Yaws in the 
Chimpanzee (Silver Nitrate Staining) 
( X 1 , 000 .) (After Nattan-Larrier, 1913 .) 
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still, spirochsetes alone were found. There seems to be no real evidence 
that the spirochsDte is actually the primary cause of the condition. 

Vincent’s Angina. — In this inflammatory condition of the tonsils and 
pharynx spirochsetes and fusiform bacilli have long been known. Blanchard 
(1906) gave the name Spirochceta vincenti to the spirochsete. A very 
similar association of spirocheetes and fusiform bacilli occurs in hospital 
gangrene, and the conditions in which these organisms are found are 



Fig. 554. — SpiKOciiiETES and Fusiform Bacilli in a Smear from a Tropical 
Ulcer (x 2 , 000 ). (Original.) 

Dotted rings represent red blood-corpuscles. 

now commonly known as Vincent’s disease. It is very probable that 
the organisms described from tropical ulcers are of the same nature, and 
that Treponema schaudinni of Prowazek is identical with T, vincenti 
(Fig. 654). Furthermore, it is not improbable that the spirochsete is 
merely a saprophytic organism, and may be identical with some of the 
species of Treponema which live in the mouth and alimentary canal. 

The organism described by Cleland (1909) as Spirochceta aboriginalisy 
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from Granuloma venereum^ is merely a saprophytic form of the same type. 
Several observers have described spirochsetes as occurring in carcinoma, 
while White and Proscher (1907) claim to have seen spirochsetes 
{SpirochcBta lymphatica) in the glands in cases of Hodgkin’s disease, 
lymphatic leuksemia, and lymphosarcoma. 

TISSUE SPIROCH/ETES OF ANIMALS.— Numerous observers have de- 
scribed spirochsetes in the tissues of animals. King, Baeslack and 
Hoffman (1913) noted a short spirochsete which they named Spirochceta 
suis in intestinal ulcers of pigs. Similar forms have been found in 
intestinal and other lesions in many animals. There does not seem 
to be any reason to regard these forms as pathogenic. It seems not 
improbable that ulcers or other lesions in man and animals are liable 
to invasion with saprophytic spirochsetes, which may be merely those 
occurring naturally in the intestinal tract. This is probably the explana- 
tion of Treponema refringens and other forms which occur in association 
with T. pallidum in syphilitic lesions. 

SpirochaBtes of the Alimentary, Respiratory, and Genito-Urinary 

Tracts. 

FORMS IN MAN AND OTHER VERTEBRATES.— The whole of the ali- 
mentary tract of man and animals is liable to harbour spirochestes. Some- 
times these saprophytes are present in enormous numbers, and various 
pathogenic properties have been ascribed to them. It is impossible to 
consider here the numerous species which have been described. Some of 
them are minute organisms very similar to Treponema pallidmn, while others 
are larger, and resemble T, recurrentis. It is probable that there are several 
species living in this situation, but as many of them have been described 
from ordinary dried films, few details of their true morphology are available. 
The forms which the writer has seen with dark-ground illumination have 
the typical spirochsete structure, and though there is considerable variation 
in size, it is very difficult to form an opinion as to where one species begins 
and another ends. In dried films the true picture of the living organism 
is nearly always lost. Of the mouth organisms (Fig. 555) there appear 
to be three main types: small forms {T, dentium Koch, 1877) very like 
T. pallidum, large forms (T. buccalis Cohn, 1875) like T. recurrentis, and 
intermediate forms (T. medium Hoffman and Prowazek, 1905). The first 
of these is probably identical with Noguchi’s T. macrodentium, and the 
second with his T, microdentium, both of which he obtained in pure 
culture from the mouth in cases of pyorrhoea. Similar forms occur in the 
intestine (Fig. 556), and though these have been given distinctive names, 
there is reason to believe that they may be identical with the mouth 
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spirochfiBtes. Werner (1909) gave the name Spirochceta eurygyrata to an 
intestinal form which had an S-shaped body, and measured 6 microns in 
length. Another form of similar dimensions, and possessing two to six 
spirals, he called S. stenogyrata. A longer form, more of the relapsing 
fever type, was named >S. intestinalu by Macfie and Carter (1917). An 
organism of similar type found in a male urethra was named S, urethrce by 
Macfie (1917), while another smaller form from the vagina was called 
S. vaginalis by the same observer (1916). 



Fig. 655. — SpiROCiiiETES in a Smear of Material from a Human Mouth ( x 2,000). 

(Original.) 

The forms which occur in the mouth may spread to the bronchi, and can 
be found in sputum coughed up from the lungs. Castellani (1906, 1909) 
described a" disease, bronchial spirochsetosis, which he supposed was due 
to a^particular spirochsete. Castellani and Chalmers (1910) give the name 
of the organism as S. bronchialis Castellani, 1907, but the writer can find 
no mention of this name in the reference quoted. It appears that the 
name was first published by Castellani in 1909. Since Castellani first 
described the condition numerous observers have reported it from many 
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parts of the world, and have noted as clinical types almost every con- 
ceivable form of pulmonary disorder. These records merely demon- 
strate that spirocheetes are more commonly present in the bronchi than 
was supposed, but they do not supply any evidence that the spiro- 
chsetes are actually pathogenic. It would be equally logical to describe 
as buccal spirochsetosis every abnormal condition of the mouth when 
spirochsetes can be discovered there. There is very little evidence that 



Fig. 556. — SpiROCHiETEs in a Smear of Material from a Human Intestine 

( X 2,000). (Original.) 

the spirochsetes which occur in the bronchi are in any way more patho- 
genic than those which are found so commonly in the mouth. Vincent 
(1922) believes that in certain cases the bronchial spirocheetes are the 
same as those which occur in Vincent’s angina, but it has not been 
conclusively demonstrated that spirochsetes are the actual cause of this 
condition. The spirochsetes which occur in sputum coughed up from the 
lungs in certain inflammatory conditions resemble very closely the various 
species of Treponema which occur in the mouth, and in spite of the 
numerous claims which have been made, it is impossible to distinguish 
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Spirochceta hronchialis from other previously named oral forms. Etchegoin 
(1923), examining the blood-stained sputum of tuberculous patients, found 
spirochsetes in fourteen out of fifteen cases examined. Similar forms have 
been described from the nose, and others commonly occur about the 
orifice of the urethra, and may contaminate the urine. 

The difficulty of classifying these saprophytic spirochsetes is well 
illustrated by the observations of Hogue (1923), who has cultivated pure 
strains of S, eurygyrata in a medium made by adding 0*3 c.c, of dilute 
pig serum (serum 1, water 3) to 15 c.c. of 0*85 per cent, saline solution. 
Small drops of fluid were placed on a cover-glass till one was obtained in 
which only a single spirochsete occurred. The drop was then introduced 
into the medium, which was incubated at 35° C. The resulting spiro- 
chsstes, grown from a single individual, showed forms varying in length 
from 4 to 56 microns, with a corresponding variation in the number of 
turns which themselves varied considerably in arrangement. It is evident 
that many of the spirochsetes described as distinct species are merely 
stages of development of one form. Parr (1923), who has investigated the 
intestinal spirochsetes of man, comes to the conclusion that until precise 
data regarding the cultural characters of pure strains are available it is 
better to regard all the intestinal forms as belonging to the single species, 
S. eurygyrata, Delamare and Achitouv (1924), who have cultivated 
intestinal spirochaetes in a serum bouillon, have come to a similar 
conclusion. 

Recently Kermorgant (1925) claims to have proved that mumps is 
caused by a spirochsete which can be cultivated from the saliva in the early 
stages of the disease. The spirochaete grows anaerobically in rabbit serum 
in symbiosis with a motile bacterium. The cultures are said to reproduce 
the disease in its typical form, including complications such as orchitis, 
when inoculated to monkeys. Kermorgant does not appear to have demon- 
strated the organism in the parotid gland, where it would be expected 
to occur, though he has isolated it from the glands of experimentally 
inoculated animals by cultivation. He supposes that a granule phase 
of the spirochsete has a part in its life-cycle. 

The alimentary tracts of animals similarly harbour spirochsetes of 
various forms, and it is safe to conclude that they are universally 
distributed. 

FORMS IN INVERTEBRATES. — Spirochsetes are commonly present in 
the intestine of insects. Novy and Knapp (1906) observed a spiro- 
chsBte in smears of the intestinal contents of Glossina palpalis. They 
named it Spirochceta glossince, Sergent, Ed. and Et. (1906), noted spiro- 
chsetes in the intestine of larvae of Anopheles macuhpennis. Jaffe (1907) 
described as S. culicis a form seen by him in the larva of Culex sp.. 
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while Leger and Duboscq (1909) record one from the larva of Ptychoptera 
contaminata. Schaudinn (1904), who saw spirochsetes in the intestine of 
Culex pipienSf believed them to be developmental stages of Leucocytozoon 
ziemanni of the little owl. Porter (1910) saw spirochsBtes (/S. melophagi) in 
‘Melophagus ovinus, while Dobell (1912) gave the names Treponema stylo- 
pygcB and T. parvum to two forms seen by him in the intestine of cockroaches . 
Laveran and Franchini (1920) also saw spirochaetes in these animals. 
Patton (1912) recorded S, ctenocephali from the dog flea (Ctenocephalus 
felis), and Chatton (1912) S, drosophilce from Drosophila confusa. Noc and 
Stevenel (1913) found spirochaetes in the intestine of A’edes {Stegomyia) 
argenteus, while Noc (1920) saw them in the Malpighian tubes of the same 
mosquito. Pringault (1921) found a new species, S» phlehotomi^ in the 
intestine of Phlebotomus perniciosus. Zuelzer (1925) has given the name 
Spirochceta noelleri to a form occurring in the intestine of larvae of 
Simulium noelleri, Prowazek (1910) found spirochaetes in the intestine 
of white ants {Termes lucifugus) in Japan. He named the organism 
Spirochceta minei, A form seen in white ants in Ceylon was named 
S. termitis by Dobell (1910), while Doflein (1911) gave the name S. grassii 
to a form he had seen in termites in Italy. Spirochaetes have also been 
described from fresh- water molluscs. Gonder (1908) gave the name 
S, hartmanni to a form in species of Pinna, and Schellack (1909) the name 
8. pusilla to one occurring in species of Unis, Lima, Ostrea, and Tapes, 

Laveran and Franchini (1921) described a spirochaete from the intestine 
of lygeid bugs living on euphorbias. A similar form was found in the 
latex of the plants, and it is concluded that there is a spirochaetosis of 
plants which is transmitted by the bugs. 

Genus: Leptospira Noguchi, 1917. 

The spirochaetes of this genus differ little from the forms which have 
been considered as belonging to the genus Treponema, The body, how- 
ever, possesses a large number of spirals, which are more closely wound 
than the spirals of a typical Treponema, When seen alive with the dark- 
ground illumination (Fig. 557, B), the first impression is that of a long, 
flexible filament which travels across the field while bending and straighten- 
ing out in various ways. The ends of the organism are frequently 
bent into the form of a crook, which during the rapid revolutions gives 
rise to an appearance of a bulbous extremity. Careful observation, 
however, reveals the numerous fine spiral turns. Zuelzer (1921) belie ves that 
its structure is essentially that of Spirochceta plicatilis, and that there is a 
similarly arranged axial filament, but other observers have not been able 
to detect the filament. It must be admitted that the typical members 



LEPTOSPIRA ICTEROHiEMORRHAGIiE 


1277 


of the genus are easily recognized when seen by dark-ground illumination. 
In the examination of fluids containing blood it has to be remembered 
that various filaments or “ pseudospirochsetes ” may occur as a result of 
changes in the red blood-corpuscles, as first described by Addison (1861). 
These frequently bear a striking resemblance to leptospira, but they are not 
so actively motile as living leptospira, do not have the closely-wound spiral 
structure, and cannot be satisfactorily stained in dried films (Fig. 557, A). 

Weil’s Disease. — This is a frequently fatal disease characterized by 
a sudden onset of high fever, albuminuria, intense jaundice, and 
haemorrhages. In severe cases the resemblance to yellow fever is very 



A B 


Fig. 557. -Leptospira-like Artefacts and True Leptospira as seen bt Dark- 
Ground Illumination ( x 1,000). (A, after Knowles and Das Gupta, 

1924; B, AFTER Wenyon: from Tropical Diseases Bulletin, vol. xxi., p. 282.) 

A. CJranules and blood- filaments in blood. The filaments appear to arise from the red blood- 
corpuscles. B, Leptospira icterohcemorrhujiCB from culture. 

close. One attack, lasting about a week, may be followed by a second 
one three or four days later. The causative organism was first seen in Japan 
by Inada and Ido (1915), who named it Spirochceta icier ohcemorrhagice. 
Huebener and Reiter (1915) discovered the organism in Germany, and 
proposed for it the name S, nodosa, while Uhlenhuth and Fromme (1916) 
gave it the name S, icterogenes. There is no doubt that the various strains 
isolated from human beings and rats in different parts of the world belong 
to the one species first described by the Japanese. Noguchi (1917) placed 
the organism in the new genus Leptospira, According to him (1925) it 
varies in length from 8 to 24 microns. A form 10 microns in length has 
about twenty close spiral turns (Figs. 558 and 559). 
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The organism occurs in the tissues, especially the liver and kidneys, 
and also in the blood and urine of cases of Weil’s disease (Fig. 560). It may 
be discovered in the blood or tissue juices by direct observation with the 
dark ground, in films stained with Romanowsky stain, or tissues prepared 
by Levaditi’s method. Guinea-pigs are very susceptible to inoculation, 
and as a rule rapidly die of a fatal infection. They react by showing a 
high temperature, marked jaundice, and haemorrhagic condition of the 
lungs, glands, and abdominal organs. When the spirochaetes cannot be 
found by direct observation, diagnosis may be made by inoculating guinea- 

pigs, which are very 
susceptible to infec- 
tion, with blood, 
urine, or material 
obtained by puncture 
of the liver. Rabbits 
are less easily in- 
fected, while mon- 
keys, cats, chickens 
and pigeons, and 
larger animals are 
still more resistant. 

It is a remarkable 
fact that wild rats 
are commonly found 
to have a naturally 
acquired infection 
with L, icterohcemor- 
rhagice. In a series 
of London rats ex- 
amined by Stevenson 
(1922), 30 per cent, 
were found to be 
harbouring the organism. There appeared to be no seasonal incidence, 
as some observers have described. The spirochaete can be found in the 
urine, kidneys, and liver of rats by dark-ground illumination or in stained 
smears of tissues. It can also be isolated by culture or by inoculation of 
material, such as the fluid from crushed kidney tissue, into guinea-pigs, in 
which it gives rise to the condition seen after inoculation with the human 
virus. 

It appears that the disease may occur in dogs, for Krumbein and 
Frieling (1916) noted that certain dogs which had associated with two 
human beings suffering from Weil’s disease were in a similar condition. 



Fig. 558 . — Leptospira icterohcemorrhagiw stained bt 
Silver Nitrate. ( x ca, 5,000). (After Martin 
AND Pettit, 1919.) 
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The presence of leptospira was not demonstrated in these animals, but 
Courmont and Durand (1917) proved that dogs were susceptible to in- 
oculation with jL. icterohcBmorrhagicB, Uhlenhuth and Fromme (1919) 
examined a dog suffering from a disease resembling Weil’s disease, and 
demonstrated leptospira in the organs. Kfivdcek (1924) claims to have 
found leptospira in the organs of seventeen of twenty-one dogs suffering 
from ‘‘ canine typhus ” in Germany. There exists in England a ‘‘ malig- 
nant jaundice” of dogs, and Okell, Dalling and Pugh (1925) have isolated 
from dogs suffering from this disease a leptospira which is highly patho- 
genic to guinea- 
pigs, and appears 
to be identical 
with the organism 
of Weil’s disease. 

Cultures of the 
organism repro- 
duce the original 
disease when in- 
oculated into dogs. 

Dunkin and Laid- 
law (1926) have 
discovered L, 
icieroha^morrhagice 
in a sick and jaun- 
diced fox in Eng- 
land. 

There is no 
definite evidence 
of the natural 
method of trans- 
mission of i. 
icterohcBtnorrhagicB, 
thoughitspresence 

in the urine has suggested the possibility of human beings acquiring 
the disease from food or water contaminated by the urine of rats, 
while Zuelzer’s observation that a strain of Leptospira cultivated from 
tap water proved pathogenic to guinea-pigs affords further evidence of 
a water origin of the disease. Buchanan (1924) has also infected guinea- 
pigs with leptospira from the slime on the roof of a mine in Scotland 
where cases of Weil’s disease occurred. Symptoms and lesions re- 
sembling those produced by the inoculation of the human and rat 
strains resulted. 



Fig. 559. — Leptospira icterohcemorrhagicdf as seen in a 
Giemsa-stained Smear of the Kidney of a Natur- 
ally Infected Rat ( x 2,000). (Original.) 

The dotted ring represents a red blood-corpuscle. 



1280 


SPIROCHiETES 


The organism is easily cultivated in serum of rabbits or other animals 
which has been diluted with ten times its volume of physiological saline 
solution or in semi-solid agar to each test-tube of which ten to twenty 
drops of rabbit’s blood have been added. After repeated sub-culture the 
organism tends to lose its virulence for guinea-pigs (see pp. 1299, 1304). 

The serum of convalescents and of persons long recovered will 
agglutinate the spirocheetes in cultures, and will protect guinea-pigs against 
infection. In the writer’s experience, 0*5 c.c. of serum and 1 c.c. of culture 
injected intrap eritoneally to guinea-pigs failed to produce even a febrile 
reaction, whereas 1 c.c. of culture alone produced a rapidly fatal infection. 



Fig. -Leptospira icterohcemorrhagice in Section of Suprarenal Gland of 
Experimentally Infected Guinea-Pig (Silver Nitrate Staining). 
( X ca, 1,000). (After Martin and Pettit, 1919.) 

Uhlenhuth and Fromme (1919) noted the presence of antibodies in the 
blood of a case which had recovered twenty-two years before. 

Blanchard, Lefrou and Laigret (1922, 1923) have noted a disease in the 
Congo which closely resembles Weil’s disease. An outbreak occurred in a 
hospital, and they had reason to suspect that the vector was the bed bug. 
Experiments conducted on guinea-pigs, which were very susceptible to the 
organism and responded as they do towards L. icier ohcBmorrhagice, showed 
that bed bugs were able to transmit the infection thirty-eight days after 
feeding on an infected animal. The authors, nevertheless, regard the 
organism as identical with that of Weil’s disease. Bonne (1924), working 
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with L, icteroh(Bmorrhagi(B in Paris, has found that it will survive for at 
least two days in bugs, as proved by inoculation of guinea-pigs. He failed 
to transmit the organism by the bites. 

Japanese Seven-Day Fever. — Ido, Ito and Wani (1918) isolated from a case 
of Japanese seven-day or autumnal fever an organism which, according 
to them, is morphologically very similar to Leptospira icterohcemorrhagicB, 
By various serological tests they showed that it differed from the form 
seen in Weil’s disease, while guinea-pigs were not so seriously affected. 
They named the organism Spirochata hebdomadis. It was discovered that 
the field vole, Microtus montebelli, was a natural reservoir of the virus. 
Zuelzer and Oba (1923) find that Leptospira hebdomadis differs from L, ictero- 
hcBmorrhagice in certain details. It is more refractile, thicker, and more 
loosely wound. Noguchi (1925), who gives its measurements as 10 to 30 
microns, also states that it is larger and coarser. V ervoort (1923) has isolated 
by culture and inoculation of guinea-pigs a leptospira which he calls i. pyro- 
genes from cases of a febrile disease in Sumatra which resembles dengue. In 
certain patients there is jaundice. The relation of this leptospira to L, heb- 
domadis and those isolated in other diseases has not been determined. 

Yellow Fever. — This is a disease of South and Central America and 
West Africa which in many respects resembles severe forms of Weil’s 
disease. The symptoms, however, are more severe, while haemorrhages 
into the stomach and intestine give rise to the characteristic black vomit 
and melaena. There is a very high mortality rate. Schaudinn (1904) 
stated that he considered it not improbable that yellow fever would be 
found to be a spirochsetal disease. Stimson (1907) discovered an organism 
in the kidney of a case of yellow fever after staining by Levaditi’s method. 
On account of its characteristic structure, he doubted if the organism was 
a true spirochaete, and named it provisionally (? Spirochceta) interrogans, 
Noguchi (1919), by inoculations of guinea-pigs with the blood of yellow 
fever patients in Guayaquil, isolated an organism which was morphologi- 
cally similar to Leptospira icterohwmorrhagice. The same organism was 
isolated directly from cases in serum saline media, and has been the subject 
of an exhaustive series of investigations by Noguchi (1919-20). It 
produces in guinea-pigs a condition closely resembling that arising from 
inoculations with the spirochaete of Weil’s disease. Animals which had 
recovered from an infection with Weil’s disease virus were, however, inocul- 
able with the new organism, while the serum of yellow fever convalescents 
protected guinea-pigs from infections with this organism, but not 
L, icterohcemorrhagice, Noguchi (1919a) named the organism isolated from 
yellow fever cases Leptospira icteroides, though he admits (1921) that it is 
indistinguishable from the one described by Stimson. It is evident from 
Stimson’s figures that the organism he discovered is morphologically iden- 

II. 82 
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tical with the one isolated by Noguchi, so that the correct name for the 
yellow fever organism would appear to be Leptospira interrogans (Stimson, 
1907). The serum of yellow fever convalescents and that of horses and 
rabbits inoculated repeatedly with cultures of both L, icterohoBmorrhagice 
and L, interrogans were tested against various strains. These sera aggluti- 
nated the organisms in vitro, gave Pfeiffer’s agglutination in the peritoneal 
cavity of guinea-pigs, and protected these animals against infection. These 
reactions only occurred with the particular organism which had been used 

to prepare the immune sera, 
are thus quite specific, and 
afford the chief means of 
distinguishing the two spiro- 
chsBtes. Noguchi (1925) gives 
the measurements of L. inter- 
rogans as 4 to 14 microns, and 
notes that it is somewhat 
thinner than L. icterohcemor- 
rhagicB. 

The distribution of the or- 
ganism in the tissues of yellow 
fever cases and in experi- 
mental animals corresponds 
with that in Weil’s disease, 
while the lesions produced in 
guinea-pigs are very similar 
to those caused by L. ictero- 
hcpmorrhagicB, Noguchi and 
Kligler (1920, 1921) have in- 
vestigated yellow fever in 
Mexico and Peru, and have 
confirmed the earlier work of 
Noguchi in Guayaquil. Perez 
Grovas (1921) and Le Blanc 
(quoted by Noguchi, 1921) 
have also isolated the organism from yellow fever cases in Vera Cruz, while 
Noguchi et al. (1924) have isolated the organism from cases in Brazil, and 
proved its identity with the various strains previously obtained in Ecuador, 
Mexico, and Peru. In spite of criticism by Guiteras and certain discrepancies 
between the findings of Noguchi and those of the American Commission of 
1901, there seems to be very little doubt that L. interrogans is the causative 
agent of yellow fever, as pointed out by Noguchi (1922, 1925). The organ- 
ism has not yet been isolated from cases of West African ** yellow fever.” 



Fig. 561 . — A ’edes argenteus {Stegomyia fasci- 
ata) ( 9 ), THE Transmitter of Yellow 
Fever ( x 6). (From Byam and Archi- 
bald’s Practice of Medicine in the Tropics,) 
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L. interrogans is inoculable to guinea-pigs, monkeys, and young dogs, 
and gives rise to acute infections characterized by jaundice associated with 
haemorrhages into the lungs and intestinal mucosa, nephritis, and fatty 
degeneration of the liver. Like L, icterohcemorrhagice, it is readily culti- 
vated. The cultural forms are capable of passing through Berkefeld 
filters, as demonstrated by Noguchi (1919) and Dieterich (1924). 

Though both Beauperthuy and Finlay arrived at the conclusion that 
yellow fever was transmitted by mosquitoes, evidently^ .4 edes argenteus 
(Stegomyia fasciata), it was the American Commission, consisting of Reed, 
Carrol and Agramonte (1901), at Quemandos who definitely proved that 
this mosquito was the carrier (Fig. 561). The work of the Americans 
was confirmed and extended by Marchoux, Salimbeni and Simond 
(1903), working in Rio de Janeiro. It was shown that the blood of man 
is only infective during the first three days of the illness, and it is only 
during this period that mosquitoes can become infected. The mosquito 
itself does not become infective till after the expiry of at least twelve days 
from the time of feeding, after which it can remain so for at least eight 
weeks. In one experiment the French Commission claim to have demon- 
strated the infectivity of mosquitoes reared from the eggs laid by infected 
parents, but there would seem to be some doubt about this observation, 
which has not received confirmation. 

It is a remarkable fact that the mechanism of transmission of yellow 
fever by A, argenteus was discovered before the parasite was known, 
and that the knowledge thus gained has been so successfully applied that 
the disease has been to a large extent eradicated. 

Noguchi (1919a) conducted transmission experiments with A. argenteus 
and guinea-pigs. A large number were made, but positive transmission 
only occurred in a small number of these. The mosquitoes were fed on 
yellow fever cases on the first day of the disease or on infected guinea- 
pigs. The test for infectivity was made by feeding the mosquitoes on 
guinea-pigs two weeks later. In a certain number of instances the guinea- 
pigs were infected. The organism was discovered in the mosquitoes by 
dark-ground illumination, and the emulsion containing the organisms 
infected guinea-pigs when smeared on the scarified skin. Noguchi (1925) 
states that Iglesias has also suceeeded in transmitting the infection from 
guinea-pig to guinea-pig by means of A, argenteus. 

By means of cultures of the organism Noguchi has prepared a high 
titre serum by repeated inoculation of horses. There is some evidence 
that this serum is of definite curative value if given early in the disease. 
A vaccine has also been prepared from cultures, and the evidence so far 
obtained indicates that on the outbreak of yellow fever in any locality 
a large part of the population can be protected against infection. 
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The structures which were seen in the red blood-corpuscles of yellow 
fever cases by Seidelin, and named by him Paraplasma flavigenuniy have 
been referred to above (p. 1063). 

Sand-Fly Fever and Dengue. — Sand-fly fever is a disease of short duration 
which is conveyed by a species of Phlebotomus (Fig. 193). The tempera- 
ture rises suddenly, remains high for two or three days, and then 
suddenly falls. Occasionally there is a relapse of a mild type a few 
days later. Dengue in many respects resembles sand-fly fever, but the 
febrile period is longer and relapse is more common. A rash is a charac- 
teristic feature of the condition, while the transmitting agent is the 
mosquito {Culex, Aides, Sand-fly fever occurs in all the countries round 
the Mediterranean and extends into India. Dengue occurs typically in 
Australia, but is recorded from India, Africa, and other places. In the 
Mediterranean region, according to French observers, it is also present, 
though in many records it appears that the disease described as dengue 
is the same as sand-fly fever. It is possible that the disease which pro- 
duces the typical clinical picture of sand-fly fever may occur in other 
forms which resemble true dengue. Whittingham (1921) succeeded in 
cultivating a spirochsete from six cases of sand-fly fever in Malta. The 
blood was taken on the first day of the disease and inoculated to tubes of 
rabbit blood-agar medium; the organisms became visible in the medium 
on the fifth or sixth day. Structurally, it closely resembled the Leptospira 
of Weil’s disease. It would seem probable that it is the causative organism 
of sand-fly fever, but this has not yet been definitely established. Couvy 
(1921), working at Beyrouth, stated that he had seen exceedingly fine 
spirochsetes in the blood of five or six cases of a disease which he calls 
dengue which were examined just before the onset of fever. This observer 
(1922) gives a further account of his experiments. He has inoculated the 
organism to rabbits, and has also infected these animals by inoculating 
crushed-up Phlebotomus, He concludes the disease is carried by 
Phlebotomus, but nevertheless regards it as dengue because of the frequency 
of relapse and the occurrence of a rash. Whether it is actually dengue 
or a more severe form of sand-fly fever future investigations alone will 
show. De Faria (1924) claims to have seen a leptospira in a case of dengue, 
and proposes the name Leptospira couvyi for the organism. Carbo-Noboa 
(1924), working in Guayaquil, states that he infected guinea-pigs with a lepto- 
spira by inoculating them with the blood and cerebro-spinal fluid of cases 
of dengue. The organism was seen by dark-field examination in the blood 
and cerebro-spinal fluid of the cases and in the blood and urine of the guinea- 
pigs. The strain can be maintained in guinea-pigs and in culture media. The 
name L, asthenoalgice is proposed for the organism. Knowles and Das Gupta 
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(1924), during an epidemic of dengue in Calcutta, investigated a number 
of cases, but obtained no evidence of the presence of leptospira in these. 

Blackwater Fever. — Blanchard and Lefrou (1922, 1923) state that by a 
triple centrifugalization of the blood of three cases of blackwater in the 
Belgian Congo they have isolated a spirochsete which resembles a lepto- 
spira. The organism was inoculable to guinea-pigs, and in these animals 
gave rise to hsematuria and haemorrhages in the tissues. Jaundice, which 
is such a pronounced feature of guinea-pigs infected with Leptospira ictero- 
hcemorrhagicB, was not noted. It is concluded that hsemoglobinuria is a 
symptom of several diseases, and they name the organism Spirochceta bilio- 
hwmoglobinuricB. Schiiffner (1918) described a spirochaete from cases of 
haemoglobinuric fever in Sumatra, and suggested the name S. icterohcemo- 
globinurice. The exact significance of these organisms has not yet been 
determined, for J. G. Thomson (1923) in Rhodesia and Low and Duncan 
(1923) in London failed to discover leptospira in cases of blackwater fever, 
though they followed the technique used by Blanchard and Lefrou. 

In Sumatra observers, particularly Vervoort (1923), have isolated lepto- 
spira from diseases of various types. These include simple fevers of one to 
five days* duration with no jaundice, more severe fevers with jaundice and 
resembling Weil’s disease, and, finally, cases with jaundice and hsemoglo- 
binuria resembling blackwater fever. The organism isolated from the mild 
cases is morphologically identical with that of Weil’s disease, and may pro- 
duce in guinea-pigs symptoms as severe as those obtained from the more 
serious diseases. Vervoort (1923) proposes the name L, pyrogenes for the 
organism isolated from the fevers of short duration. Bonne (1924a) has 
used the name 8,febrilis for the same organism. Many more investigations 
will have to be carried out before the true relationship to disease of the 
various forms isolated from man, animals, and water is properly under- 
stood. 

PARASITIC SPIRILLA. 

SPIRILLUM OF RAT-BITE FEVER. — Rat-bite fever, or sodoku, is a disease 
which follows the bite of rats, and is due to infection with a small spiral 
organism belonging to the genus Spirillum, which occurs naturally in the 
mouth of these rodents. It is of a very chronic nature, and irregular 
attacks of fever, lasting several days, may recur during the course of 
many months. At each attack the site of the original wound becomes 
red and swollen, the glands draining the area enlarge, and an eruption 
appears on the skin in the form of papules. The organism, which was 
first seen in the blood by Futaki, Takaki, Taniguchi and Osumi (1916), was 
named by them (1917) Spirochceta morsus muris. Dujarric de la Riviere 
(1918) objected to this name, as it did not conform to the rules of nomen- 
clature, and proposed the name Spirochceta japonica. 
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The organism is a comparatively broad spiral with a length of 2 to 
5 microns (Fig. 562). Occasionally, as Robertson (1924) notes, longer forms 
9 to 10 microns in length occur. The number of coils varies from two to 
four, or even eight or nine in the longest forms. As seen by dark-ground 
illumination, the spirillum is exceedingly active, and has a perfectly 
rigid body. One, two, or more flagella may be detected at each 
end. Reproduction takes place by transverse division at the middle of 



Fig. 662. — Spirillum minus of Kat-Bite Fever, as seen in a Blood-Film of a 

Mouse (x2,000). (Original.) 

The film was subjected to prolonged staining with Leishman stain in order to stain the fiagella, 
which are easily seen by dark-ground illumination of the living organisms. The dotted 
rings represent red blood-corpuscles. 

the body. The organism is readily inoculable to monkeys, mice, rats, 
guinea-pigs and rabbits. Rats are able to convey infection to guinea-pigs 
by their bites, an observation of Ishiwara and his co-workers (1917), who 
state that it had first been made by Ogata. Salimbeni, Kermorgant 
and Garcin (1926) have noted that infected guinea-pigs may give birth to 
infected young. Row (1917,1918) discovered a similar organism in cases of 
the disease in India, and owing to the fact that he considered it smaller than 
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that described by the Japanese workers, and that it had no terminal flagella, 
he (1922) suggested for it the name Spirochceta petit. From the work of 
Parmanand (1923), who demonstrated flagella, there appears to be little, 
if any, difference between it and the type found in Japan and elsewhere. 

An organism which the writer (1906) discovered in mice at the Pasteur 
Institute in Paris appears to be indistinguishable from the form seen in 
rat-bite fever. The writer gave animals known to be harbouring the 
organism to Breinl and Kinghorn (1906), who, a short time before the 
writer’s suggested name Spirochwta muris was published, named it S. laveranL 
The same organism had previously been seen by Borrel (1905) in cancer 
tissues of mice, while it is probable that the form seen by Vandyke Carter 
(1887) in Indian rats, and named by him Spirillum minor, is also identical 
with it. The same remark applies to Spirochceta muris var. virginiana 
MacNeal, 1 907, of the rat in America and S, muris var. galatziana Mezincescu, 
1909, of rats in Boumania. Coles (1918) saw the same organism in the 
blood of an English rat. A similar form was found by Carson in a rat 
{Crycetomys gambianus), which had been inoculated from a West African 
dog harbouring trypanosomes. Yorke and Macfie (1921), who described it, 
were inclined to think the organism came from the dog, but subsequently 
Leeson and Abbott (1924) found it in nine uninoculated rats. 

There seems to be little doubt that the organism of rat-bite fever is 
not a true spirochsete, as Zuelzer (1921) has pointed out. It is more of 
the nature of a spirillum, with rigid body and terminal flagella, and, unlike 
a spirochsBte, stains very readily with ordinary bacterial stains. 

As regards the correct name of the organism, there is much difference of 
opinion. There is little doubt that the organism which occurs in the human 
disease is the same as that in rats, and it is highly probable that the various 
forms found in rodents are all identical with the one originally described 
by Vandyke Carter from an Indian rat. In this case the correct name for 
the organism, as Robertson (1924) points out, would be Spirillum minus 
(Carter, 1887). 

Futaki, Takaki, Taniguchi and Osumi (1917) stated that they had 
obtained a culture of the organism. The medium employed was one de- 
vised by Shimamine. Nucleinate of soda (0*5 to 0*75 gram) is dissolved by 
shaking in 100 c.c. of horse serum, and a current of anhydrous carbon dioxide 
passed through for three or four minutes till the solution is transparent. 
The tubes are heated to 60° C. for an hour on three consecutive days, and 
to 65° C. for half an hour on the fourth day. The medium, which has a 
liquid and a solid part, is then ready for use. After inoculation the tubes 
are kept at 37° C. for two weeks, when as many as six to ten parasites can 
be found in each field. Sub-cultures were not obtained, nor were the 
cultural forms inoculable to animals. In addition to the short organisms 
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like those which they found in the blood, the cultures were said to contain 
much longer forms up to 19 microns in length. Many observers have 
failed to obtain cultures on this and other media, but recently Onorato 
(1923) claims to have succeeded with Shimamine’s medium, as well as with 
a hsBmolysed rabbit’s blood medium. The cultures, which were obtained 
from the blood of human cases, as also the blood and organs of inoculated 
animals, were maintained by subculture, and were virulent for animals. 

Joekes (1926) has grown the organism from the blood of guinea-pigs. 
To a tube containing a slope of Loffer’s inspissated horse serum are added 
10 c.c. of a mixture of peptone 1 gm., N. phosphoric acid solution 3 c.c., and 
distilled water 900 c.c. (pH=7'2). Incubation is at 37° C., and subcultures 
can be made in the same medium or in a 1 per cent, glucose broth. 

Blake (1916) stated that he had isolated from rat-bite fever cases an 
organism of the nature of a streptothrix, but it evidently had no etio- 
logical connection with this disease. 

A very similar disease following the bite of cats (cat-bite fever), weasels 
and squirrels has been described, and Yamada (1917) and others have iso- 
lated an organism indistinguishable from S, morsus muris from cats. Mooser 
(1925) has seen a case of sod rku resulting from the bite of a cat, and has 
shown that cats and dogs can be infected with the organism found in rats. 

Rat-bite fever is very readily controlled by intravenous injections of 
salvarsan and allied products, which bring about a rapid disappearance of 
the organisms from the blood and suppression of all symptoms. 

OTHER SPIRILLA OF MAN. — Other organisms which have rigid bodies 
and terminal flagella have been described from the intestinal tract of man 
and animals. It is possible that Spirochcete eurygyrata and some other forms 
which have been regarded as spirochaetes should be included amongst 
the spirilla. Occasionally such forms have been found in the blood. 
Pons (1923, 1924) isolated by culture from the blood of a patient suffering 
from a relapsing type of fever in Saigon an organism to which he gave 
the name Spirochceta sinensis. It is readily maintained by culture in blood 
media, and varies in length from 3 to 100 microns. The short forms, 3 to 8 
microns in length, have two to three loOse spirals, and are very motile; the 
intermediate forms, 15 to 25 microns in length, have four to six spirals, and 
are also progressively motile, while the long forms are not progressively 
motile, and show only undulatory movements. In old cultures only coccoid 
forms can be found, yet sub-culture will yield typical spiral organisms 
which appear to have rigid bodies. It is very pathogenic to guinea-pigs, 
rabbits, and monkeys, from the blood of which it can be recovered by 
culture. This organism seems to be of the nature of a spirillum rather than a 
spirochsste, and though in preparations it is said to have the typical spiral 
structure, no satisfactory explanation of the very long forms has been given. 
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METHODS OF INVESTIGATION 

I. PROTOZOA. 


In this section it is not proposed to give an exhaustive account of the 
many methods which have been elaborated for the study of Protozoa. 
The description will be limited to a consideration of certain general 
principles, and some of those methods which are commonly employed and 
can be carried out in any laboratory by workers who have already acquired 
the habit of using the microscope and are acquainted with the ordinary 
laboratory technique. 

The Protozoa do not differ from other animals in that observations on 
the living organism are essential for a proper understanding of their 
morphology, physiology, and life-history. It is only by studying them 
alive that locomotion, reproduction, syngamy, nutrition, and many other 
functions can be followed. Furthermore, unless the structure of the living 
organism is known, there will be no means of controlling the changes 
which may be brought about by the process of fixation and staining. 

The study of free-living Protozoa during life is a relatively simple 
matter, as they can be observed in the media in which they naturally occur. 
In the case of parasitic forms, there is the great difficulty that directly 
they are removed from their normal habitat, even if kept in the natural 
fluids of the host and at their normal temperature, they quickly degenerate. 
Nevertheless, by the examination of relays of parasites at different stages 
of development it may be possible to follow the entire life-cycle in the 
living condition, though not in any single individual. 

For a detailed study of the minute anatomy carefully fixed and stained 
specimens are essential. In the case of parasitic forms, not only must the 
organisms themselves be thus prepared, but also the tissues of the host. 
The latter must be fixed with as little disturbance as possible, and examined 
in serial sections in order to throw light on the true relation of the parasite 
to the host. 

It cannot be too forcibly emphasized that very fallacious pictures of 
the relation of parasites to cells are obtained by merely smearing tissues 
on slides. Such a procedure invariably causes the rupture of many cells, 
the disarrangement of the parts, and the transference of parasites to places 
in which they do not naturally occur. 
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In the case of certain parasites, observations on the living organisms 
have been facilitated by the discovery of culture media in which they can 
be maintained alive for many generations outside the body of the host. 

For the complete study of the life-history of any parasite it is neces- 
sary to follow an infection from its commencement to its termination, and 
to note the variations which occur. On this account it is advisable to 
maintain a strain of the parasite in its natural host. This is accom- 
plished by infecting the animals successively either by feeding them on 
infective forms of the parasite, injecting them by various routes, or 
allowing the natural transmitting hosts to bring about the same result. 

Many parasites are exceedingly polymorphic, so that single isolated 
observations are apt to be very misleading. It has frequently happened 
that different stages of one and the same organism have been described 
as distinct species. It is only by prolonged observation during the entire 
course of an infection that the range of variation in form and size of any 
one species can be ascertained. 


Study of Living Organisms. 

In the case of parasitic Protozoa observations on the living organisms 
are made by abstracting them from the tissues or fluids in which they 
occur, and observing them, preferably in the fluid which is taken with them, 
between a slide and cover-glass. It may be necessary, in order to avoid 
pressure, to support the cover-glass — e.^., with a hair — and in cases in which 
it is necessary to use an oil immersion lens, to seal and fix the edges of 
the cover-glass with paraffin or, better, Czokor’s wax, which serves the 
double purpose of fixing the cover-glass and preventing evaporation. The 
wax is made by heating together and mixing in a shallow tin provided 
with a lid equal weights of beeswax and Venetian turpentine. When cool, 
it forms a solid mass. The wax is applied with a piece of fairly thick 
wire bent to form a T or L, the cross-piece being about the width of a slide. 
The cross-piece is heated, placed on the surface of the wax, and then on the 
slide. The wax and wire cem be kept together in the tin. 

If the observations are intended to reveal the natural movements and 
development of organisms, it is necessary to keep the slide at the tempera- 
ture of the host. For parasites of cold-blooded animals a warming appara- 
tus is not necessary, but when the host is warm-blooded the slide can be 
maintained at the requisite temperature by some form of warm stage or 
by enclosing the whole microscope in a warm chamber. In the case of 
flagellates, the movements are often so active that details of structure 
cannot be seen till the organisms have become less motile. Those from 
warm-blooded animals are less active in the cold, and in order to count 
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the flagella it may be necessary to reduce the temperature. It has to be 
remembered, however, that the conditions are then unnatural, and may 
lead to degenerative changes. 

The material in which the organisms occur may be too thict, as is 
often the case with faeces, or contain too many cells for satisfactory obser- 
vation. It can be diluted with some suitable fluid, ordinary physiological 
saline solution (0*9 per cent, sodium chloride in distilled water) being 
very commonly used. In its place the serum of the host itself can be 
employed. 

Various intra vitam stains can be added to the liquid, and these have 
the property of colouring different parts of the organism or material in 
its vacuoles without for some time appreciably altering its movements 
or changing it in any other way. The stains most commonly used are 
methylene blue and neutral red. They are made up in very dilute solution 
(1 in 500 to 1 in 10,000). A small quantity can be mixed with the fluid 
containing the parasite, or a drop of the stain can be allowed to dry on a 
slide, and the fluid containing the organisms to be examined placed on the 
same area and covered with a cover-glass. The stains are slowly absorbed 
by the parasites. Neutral red assumes a bright cherry-red colour in acid 
and a brown in alkali. On this account it serves as an indicator of the 
reaction of the substances which it stains. It is largely used for following 
the process of food digestion in vacuoles. 

Another stain which is of value is eosin. It serves as an indicator 
of the life or death of a cell. Living cytoplasm will not stain, but 
immediately death has occurred the stain is absorbed. If faeces con- 
taining non-motile amoebae or cysts are mixed with eosin, the living 
ones which remain unstained can at once be distinguished from those 
that are dead. 

Parasites abstracted from their hosts, and observed as described 
above, will continue to behave for some time as they would have done 
if they had not been disturbed. Malarial parasites, for instance, will 
continue to develop for several hours in what appears to be a perfectly 
normal manner in a blood preparation kept at the temperature of the 
body. The production of merozoites can be followed if the observation 
is commenced on a parasite which is approaching this stage of develop- 
ment. Similarly, the division of trypanosomes can be watched, the 
multiplication of nuclei in amoebic cysts, and many other developmental 
processes. On the other hand, all parasites must eventually leave one 
host in order to gain access to another. In so doing they either escape 
on to the ground or into water, where, with or without further develop- 
ment, they await the next host, or they enter an invertebrate and are 
transferred by it to the next vertebrate host. Those parasites which have 
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a stage which undergoes development outside the host may be directly 
observed in the living condition. Thus, the oocysts of coccidia of warm- 
blooded animals escape in the faeces in an incompletely developed con- 
dition, and may be observed to complete their development into sporo- 
cysts and sporozoites on the slide. Cysts of amoebae containing glycogenic 
or chromatoid bodies may be seen to lose these. Without continuously 
observing any individual cyst, material containing many cysts can be 
kept and examined at intervals for developmental changes. In the case 
of the coccidia this is necessary in order to determine whether the cysts 
are actually oocysts or not, and if so, to which genus (e.gr., Eimeria or 
Isospora) they belong. To retard the growth of fungi, material can be 
spread on charcoal or, in the case of oocysts of many coccidia, mixed with 
a 5 per cent, solution of bichromate of potash. In the case of parasites 
which enter invertebrates, their removal from the body of the vertebrate 
on to a slide may cause them to commence the invertebrate cycle. 
Thus the production of gametes from the gametocytes of haemosporidia, 
the process of fertilization, and the development of the ookinetes may 
be followed in the living condition in a single drop of blood between 
a slide and cover-glass. The further development of the ookinete, 
which takes place in the tissues of the invertebrate, has not been 
followed in this manner, though it might be done by dissection of 
the mosquitoes and observing the parasites in the natural fluids and 
tissues. Similarly, the early developmental stages of trypanosomes in 
the invertebrate, especially those of cold-blooded animals, can be observed 
on the slide in blood preparations made from the vertebrate (see pp. 694 
and 603). Another illustration of the value of this method of observa- 
tion is afforded by Leishmania, If spleen pulp containing L, donovani 
is placed in a suitable liquid {e,g., simple physiological saline or the liquid 
in N.N.N. medium), the organisms elongate and become flagellated. By 
examining the fluid at intervals, the whole development of the leptomonas 
from the leishmania form can be followed in the course of forty-eight hours. 
Observations of this kind must always be controlled by a study of the 
changes which actually take place in the invertebrate, in order to avoid 
the confusion of what may be degenerative changes with those which 
form a normal part of the life-cycle. 

At any time during the observation of parasites between a slide and 
cover-glass, the cover-glass can be removed and films made with the 
material. Thus, in the case of malarial parasites a preparation can be 
observed till microgamete formation is taking place. By removing the 
cover-glass and making a film from the blood as described below, per- 
manent preparations of the process, together with that of the develop- 
ment of the macrogamete and actual fertilization, can be obtained. 
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Observations are usually made by transmitted light, but dark-ground 
illumination may be of service in the detection of fine filaments such as 
extrusion filaments of cnidosporidian spores, fiagella, and cilia. 


Culture Methods. 

The maintenance of Protozoa in artificial culture media is an important 
method of investigation. To be successful, such media must contain the 
substances which are essential to the natural growth of the organism, and 
must imitate as nearly as possible the natural environment. For free- 
living Protozoa, including coprozoic organisms, the necessary conditions 
are not difficult to attain, but in the case of parasites the preparation of 
suitable media is beset with greater difficulties. This is more readily 
accomplished for parasites which live in the fluids of the host. In the case 
of parasites which are definitely intracellular there is much greater 
difficulty, and, with the exception of species of Leishmania and certain 
trypanosomes (T. cruzi)^ in no instance has the satisfactory culture of 
such an organism been obtained. 

If a culture method is successful, it will be found that the organisms 
reproduce and increase in numbers for a varying time till the medium 
is exhausted or has become charged with substances which prevent 
continued growth. The transference of some of the parasites to fresh 
medium will be followed by renewed multiplication. By repeated sub- 
culture it should be possible to maintain the organisms indefinitely. 

Certain organisms, as, for example, trypanosomes, leishmania, and the 
allied insect flagellates, will readily grow in this manner in N.N.N. and other 
blood media. It is essential that bacteria be absent from the cultures, 
as they quickly generate substances which kill the Protozoa. In the case 
of intestinal organisms (amoebae, flagellates, ciliates) which grow readily 
in various egg media, the presence of bacteria appears to be a necessity, 
as the Protozoa feed upon them. Similarly, coprozoic organisms, whether 
grown in liquid media or on the surface of agar plates, require bacteria 
as food. When cultivating those organisms which will not grow in the 
presence of bacteria, the greatest care has to be exercised in the handling 
of the material to prevent bacterial contamination. If a culture is to be 
started from the blood during life of the host, the blood may be obtained 
from the finger, ear, or vein, the skin being carefully sterilized before 
puncture, which is made with a sterile needle or syringe, the blood being 
then transferred to the sterile medium with all precautions. Similarly, 
sterile syringes are used for the puncture of the liver, spleen, or other organs. 
After death of the host, blood can be obtained from the heart or other organ, 
the same care being taken to sterilize the surface through which puncture 
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is made. Even then bacteria may appear in the culture, as these organisma 
often spread to the blood and tissues from the intestine after death. 

When a45ulture is commenced, a varying quantity of material contain- 
ing the organism is introduced into the culture medium, which is then kept 
at the requisite temperature. It may happen in such cases that though 
it was supposed that only one was introduced, another was also present,, 
and that a culture of two or even more organisms is obtained. Though 
in many cases it is safe to assume that only a single one is present, for very 
accurate work it may be necessary to have absolute assurance of this 
fact. This can only be accomplished by commencing a culture from a 
single individual. In the case of comparatively large organisms such 
as ciliates this is a simple matter, but with small ones it is much more 
difficult, though even then it can be done. The plate method, which is so 
largely used for the isolation of pure strains of bacteria, has been applied 
to the Protozoa. If such a pure strain can be obtained, it becomes a 
matter of certainty that all the various forms which appear in the culture 
belong to the one species. 

When once a satisfactory medium for the culture of any organism has 
been devised, it may be employed for diagnostic purposes. Material 
which does not contain an organism in sufficient numbers for it to be 
discovered by microscopic examination may be inoculated into the 
medium. If the organism is present it may multiply, so that in a few 
days the number present is sufficient for its detection. This method has 
been largely employed tor the diagnosis of leishmania and trypanosome 
infections, and is now being used for the intestinal Protozoa. 

Cultivation of Intestinal Protozoa of Vertebrates. 

The only Protozoa which have been satisfactorily cultivated are those 
which live in the lumen of the intestine, including the pathogenic amoebae 
and ciliates which invade the intestinal wall. It is not definitely known, 
however, that these amoebae and ciliates cannot live and multiply in the 
lumen of the intestine. Those Protozoa which are true tissue parasites, 
like the coccidia, and also species of Giardia, which inhabit the lumen of 
the intestine only, will not grow in any artificial medium so far discovered. 
Those which have been cultivated are the various intestinal amoebae, 
flagellates such as Trichomonas, Chilomastix, Embadomonas, Tricercomonas, 
and the ciliate Balantidium coli, 

Boeck’s Locke-Egg-Serum Medium (L.E.S. Medium). — This medium is prepared 
in the following manner: 

1 . Four eggs are washed, brushed with alcohol, and broken into a 
sterile flask containing glass beads. Fifty cubic centimetres of Locke’s 
physiological solution are then added, and solution effected by shaking. 
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2. Test-tubes are then filled with a sufficient quantity to produce 
slants about 1 to inches in length upon coagulation by heat. 

3. These tubes are now slanted in an inspissator, and heated at 70° C. 
till the egg mixture has solidified. They are then transferred to the 
autoclave, and sterilized for twenty minutes at a pressure of 15 pounds. 

4. To each tube is now added a mixture of eight parts of sterile Locke’s 
solution and one part of inactivated human serum till the liquid reaches 
a height of 1 centimetre above the egg slant. 

The Locke’s solution, which is sterilized in the autoclave or steamer, 
has the following composition: 

Distilled water . . . . . . . . 1,000 c.c. 

NaCl . . . . . . . . . . . . 9*0 grams. 

CaCl 0*2 „ 

KCl 0-4 „ 

NaHCOg 0-2 „ 

Glucose . . . . . . . . . . 2*5 ,, 

The human serum must be sterile, as determined by the inoculation 
of bacterial media. If there is doubt as to its sterility, it can be diluted 
with two or three parts of Locke’s solution, and filtered through Berkefeld 
filters (No. N) once or twice to remove the bacteria. When sterile, it can 
be diluted with the necessary amount of Locke’s solution to bring the 
dilution to 1 in 8, as required for the medium. When the medium is ready 
for use, it will consist of a slope of coagulated egg in the diluted serum. 

A modification of the L.E.S. medium is the L.E.A. medium of Boeck 
and Drbohlav. It differs from the L.E.S. medium in that the diluted 
serum is replaced by a 1 per cent, solution of crystallized egg albumen in 
Locke’s solution sterilized by filtration through a Berkefeld filter. The 
albumen solution may be prepared by using the white of one egg in 
1,000 c.c. of Locke’s solution, instead of the crystallized albumen. 
Another modification consists in replacing the egg slope by an ordinary 
blood-agar slope, such as that of N.N.N. medium. The reaction of these 
various media should be pH =7*2 to 7*8. When they have been prepared 
as directed, the reaction will usually be found to be at this level. 

This medium, or modifications of it, has been used by Boeck and 
Drbohlav for the cultivation of Entamceba histolytica, E, coli, E, gingivalis, 
E. aulastomi, and the flagellates T ricercomonas intestinalis, Chilomastix 
mesnili, Trichomofias hominis, C, gallinarum, T, gallinarum, and T. san- 
guisugce, Thomson, J. G., and Robertson have cultivated all the intes- 
tinal amoebee of man, as also the human flagellates just mentioned, 
while Dobell (1926) has cultivated E. histolytica, E. gingivalis and 
four amoebse, and a Trichomonas and T ricercomonas of monkeys. The 
medium will undoubtedly be found to be successful for many other 
intestinal Protozoa. The cultures are commenced by introducing into 
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the medium a small quantity of faeces or intestinal mucus in which the 
organisms are present. The material should be placed with a pipette at 
the bottom of the tube. The tubes are then incubated in the vertical 
position in an incubator at 37® C. in the case of parasites of warm-blooded 
animals. From time to time material for examination can be removed 
from the bottom of the tube by means of a pipette. In the case of amoebse 
it is advisable to scrape the surface of the egg slope with the end of 
the pipette to remove amoebae before sucking up the material. As the 
movements of amoebae are of such importance for their identification, the 
slides should be examined on the warm stage or in a warm microscope 
chamber. For identification of flagellates this is not so necessary. Multi- 
plication takes place for two or three days, after which the bacteria out- 
grow the Protozoa and bring about their death. Subcultures should be 
made every two days by sucking up some of the organisms with a pipette 
and transferring them to a fresh tube of medium. If a small quantity of 
blood be added to the medium, or if the blood-agar modification be used, 
it will be seen that E. histolytica ingests the red blood-corpuscles. 

Drbohlav (1926a) has come to the conclusion that the preparation of 
the medium can be simplified and improved. For the liquid part of the 
medium he uses Einger’s solution, to each litre of which 5 grams of mono- 
potassium phosphate is added as a buffer, KOH or NaOH solution in 
quantity sufficient to bring the pH to 7*4, and the white of an egg which 
has been removed from the shell with all precautions against bacterial 
contamination. Filtration of the mixture is not carried out, but the 
heavy material is allowed to separate by sedimentation. For the solid 
agar slopes three modifications can be used : 

1. Binger's solution with buffer (pH=7’4) . . . . 1 litre. 

Agar . . . . . . . . . . . . . . 14 grams. 

2. Einger’s solution with buffer (pH=7-4) . . . . 1 litre. 

Agar . . . . . . . . . . . . . . 14 grams. 

Starch 10 ,, 

3. Blood agar slopes (N.N.N. medium) heated for thirty minutes at 100^ 

In all these media the amoebae grow well, and especially in the second 
and third may survive for two or three weeks, probably because the 
bacterial growth is checked. The addition of 1 per cent, dextrin to the 
liquid portion has the property of suppressing the growth of Blastocystis, 
which frequently multiplies rapidly and exterminates the amoebae. One 
or two subcultures in the dextrin medium will rid the culture of this 
organism, after which a return to dextrin-free medium can be made. 

Hogue’s Egg Medium —This is a liqidd medium prepared by mixing a 
whole egg with 200 c.c. of Locke’s solution. The mixture, constantly 
stirred, is steamed for fifteen minutes over the boiling water-bath and then 
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filtered through cotton- wool. The filtrate is then distributed in quantities 
of 6 c.c. to test-tubes, which are sterilized in the autoclave at 120° C. 
for twenty minutes. The medium, which consists of a clear liquid and a 
granular sediment, has been used for the cultivation of Embadomonas 
intestinalis and Trichomonas hominis by Hogue. The writer has used it 
for the cultivation of Embadomonas from man, guinea-pig, rat, tortoise, 
and frog, and for Trichomonas from various sources. In the case of 
parasites of warm-blooded hosts the temperature of incubation is about 
37° C., while for those of cold-blooded hosts the ordinary laboratory tem- 
perature will suffice. On this medium Hogue obtained cultures of pure 
strains of T, hominis commenced from a single individual. 

Serum Media. — Intestinal flagellates have been successfully grown in 
various serum media consisting of physiological saline solutions to which 
varying quantities of serum have been added. The best results appear to 
have been obtained by Ohira and Noguchi (see p. 652) in a medium con- 
sisting of equal parts of ascitic fluid and Locke’s solution. In this they 
successfully cultivated and maintained in subculture the Trichomonas of 
the human mouth. Subculture every two or three days was necessary. In 
the same medium Entamoeba gingivalis lived and multiplied for ten days. 

Barret and Smith have successfully cultivated an amoeba {Entamoeba 
barreti) of the tortoise in a mixture of one part of human serum and nine 
parts of 0*5 per cent, solution of sodium chloride (see p. 207). Blasto- 
cystis also grows readily, and may multiply to such an extent that the 
amoebae are prevented from reproducing. The amoebae were maintained 
in this medium at room temperature, or even in the ice-box (10° to 15° C.), 
for many months, during which subculture was made every two or three 
days or every week according as the temperature of incubation was high 
or low. Barret and Yarbrough have cultivated Balantidium coli in a 
similar manner (see p. 1207). 

Semi-Solid Blood-Agar Medium.— To 270 c.c. of 0*85 per cent, sodium 
chloride solution (pH=7'6) are added 30 c.c. of ordinary 2 per cent, 
bacteriological nutrient agar (pH=7*6). When mixture has taken place, 
10 c.c. are placed in each of a series of test-tubes. After autoclaving 
at 120° C., the tubes are cooled to 50° C., and into each tube are 
allowed to fall from a rabbit’s ear twenty drops of blood. The tubes are 
not shaken or mixed, and are incubated for twenty-four hours at 37° C. 
The medium is then ready for use. The blood is obtained from the rabbit’s 
ear by the method described below for the preparation of N.N.N. medium. 
In this medium, in addition to Leptospira, Trypanosoma lewisi, Leishmania, 
and Leptomonas of the flea, certain intestinal flagellates of man and 
animals have been cultivated, such as Embadomonas and Trichomonas, 
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As in the case of other media, if used for the cultivation of intestinal 
flagellates in the presence of bacteria, it is necessary to subculture every 
two or three days. 

Cultivation of Protozoa from Blood and Tissues of Vertebrates. 

The cultivation of Protozoa from the blood or tissues of vertebrates 
only succeeds if bacteria are kept from the cultures. Though certain forms, 
such as Leishmania, may survive for a few days in the presence of bacteria, 
they are ultimately killed, probably as a result of the bacterial toxins. 
As noted above, the material, whether blood or tissues, must be obtained 
under strict aseptic conditions. The parasites grown are the various blood 
parasites belonging to the genera Trypanosoma, Trypanoplasma, Leish- 
mania, Plasmodium, and Babesia, The last two, being inhabitants of the 
red blood-corpuscles, require these cells in the medium. As all these 
parasites have both vertebrate and invertebrate hosts, it follows that the 
cultures may consist of the forms which belong to the vertebrate cycle 
or those which belong to the invertebrate. As regards Plasmodium and 
Babesia, the cultures are incubated at 37° to 40° C., and the forms which 
appear are those which occur in the vertebrate. In the case of the flagel- 
lates from warm-blooded hosts, it is usually found that the best growth 
is obtained at temperatures well below that of the vertebrate, and the forms 
which appear in the cultures represent the invertebrate cycle. Cultures of 
trypanosomes from cold-blooded hosts, though maintained at the tem- 
perature of the vertebrate, nevertheless contain forms characteristic of 
the invertebrate cycle (see p. 606). On the other hand, the pathogenic 
trypanosomes of vertebrates are difficult to cultivate. They grow only 
at a temperature approaching that of the host from which they are 
taken, and the forms which appear in the cultures retain the trypanosome 
structure, the crithidia forms characteristic of the invertebrate cycle not 
appearing. 

CULTIVATION OF FLAGELLATES. — Blood Agar (N.N.N. Medium). — Novy 
and MacNeal were the first to cultivate trypanosomes in the condensation 
liquid of a solid blood-agar medium consisting of nutrient agar to which 
fresh rabbit's blood was added. The medium was simplified by Nicolle, 
who showed that simple agar could replace the nutrient agar. The 
medium — Nicolle's modification of Novy and MacNeal’s medium— is 
generally known as the N.N.N. medium. It is prepared by adding 
rabbit’s blood to melted agar in test-tubes, mixing rapidly, and allowing 
the mixture to solidify in the sloped position. A solid blood- agar slope 
is obtained. The tubes are incubated at 37° C. for twenty-four hours 
in the vertical position to prove sterility and to encourage a liquid to 
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separate or condense in the lower part of the tube. It is in this liquid 
that growth occurs. The agar is made by heating the following ingredients 


together in a flask : 

Water 900 c.c. 

Agar 14 grams. 

NaCl 6 


The mixture while hot is poured into test-tubes to the height of 3 to 
4 centimetres. The tubes are then plugged and sterilized in the auto- 
clave. When they have cooled to 50° C. and are still liquid, a quantity 


of sterile rabbit’s blood varying 
from 2 to 3 c.c., or even more in 
special cases, is added to each tube. 
The tubes are rapidly revolved to 
bring about mixture without form- 
ing bubbles and placed in the 
sloped position, so that the agar 
solidifies leaving one side of the 
tube completely free. 

Various methods for adding the 
blood are used. Many workers 
draw the blood directly from the 
heart of the rabbit by puncture 
through the thoracic wall with a 
large sterile syringe. The blood 
is immediately transferred to the 
tubes before any clotting in the 
syringe has occurred. Other ob- 
servers remove the blood from an 
animal in a similar manner, and 
transfer it to a sterile bottle con- 



Fig. 563. — Bottle which may be used 

FOR OBTAINING BlOOD FROM THE HEART 

OR Vein of Animals. 


taining beads. The blood is defibrinated by shaking, and can be placed 
in the tubes by means of a pipette. Animals tolerate the operation very 
well, and can be used repeatedly. 

Another method which can with advantage be used when chances of 
bacterial contamination from the air are great is to bleed the animal to 
death under an anaesthetic. A bottle containing glass beads, and fitted 
with a cork through which pass two glass tubes, is used (Fig, 563). To 
one tube is attached, by a rubber tube fitted with a clip, a hollow syringe 
needle of fairly large bore, while to the other is attached, also by a rubber 
tube, a small glass suction-tube. The glass tube to which the latter is 
attached should be plugged with cotton-wool. The whole apparatus, the 
needle being kept in a test-tube, is sterilized. The heart of the chloro- 
formed animal is then exposed with due precaution as regards sterility. 
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the sterile needle removed from the test-tube and passed into the heart. 
Suction applied to the suction-tube causes blood to flow into the bottle. 
When no more blood is available, the rubber tube to which the needle is 
attached is clipped, and the blood rapidly defibrinated by shaking the 
bottle. The same apparatus can be used for abstracting blood from the 
jugular vein of larger animals such as sheep during life. 

A very simple method, which gives good results when chances of con- 
tamination are less than in the tropics, is to allow blood to drop into the 
tubes from the paraffined ear of the rabbit. The animal is enclosed in 
a box, the capacity of which can be adjusted by a movable partition 
(Fig. 564). At one end is an opening fitting the neck, and through which 
the head projects when the box is closed. The ear is shaved over the 



Fig. 564. — Box employed for holding a Rabbit during Operation of 
Abstraction of Blood from the Marginal Vein of the Ear. 

Inset the end of the box, showing method of fixation of neck. 


marginal vein, and the skin sterilized with alcoholic iodine solution. 
When the ear is dry, the area to be used is coated above, below, and on 
the margin with hot melted paraffin, so that the region of operation is 
covered by a thin layer through which the vein is still visible. A pressure 
clip having been placed over the vein on the margin of the ear near its 
base, an incision is made in the marginal vein with a small sharp knife, 
and the sterile blood allowed to drop from the margin of the paraffined 
ear into the tubes. About twenty drops give a sufficient quantity of 
blood for each tube. It requires at least three persons to carry out the 
manipulations satisfactorily if blood is not to be wasted. When a batch 
of tubes has been made and proved to be sterile after incubation, the 
cotton-wool plugs should be covered with sterile rubber caps to prevent 
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drying of the medium, which in any case does not preserve its properties 
for more than a few weeks. Kept in the ice-box it lasts longer. 

When it is desired to obtain cultures of a flagellate, a small quantity 
of blood or tissue containing the organism is introduced into the con- 
densation liquid at the bottom of the tube with a glass pipette or a 
platinum loop. The tubes are then incubated, usually at 22° to 25° C. A 
drop of liquid on a sterile platinum loop is removed for examination from 
time to time. Growth of the organisms takes place not only in the liquid 
of condensation, but also on the surface of the agar above the liquid. A 
scraping from this surface will often reveal an enormous number of 
organisms. The various species of Leishmania, the non-pathogenic 
trypanosomes of warm-blooded hosts such as Trypanosoma lewisi of rats 
and those of birds, and the trypanosomes of cold-blooded animals grow 
readily on this medium. Subculture into fresh tubes should be made 
about once every two weeks. Sometimes growth occurs if subculture is 
not made for six months or more. Nicolle (1925) has pointed out that 
a strain of L. donovani isolated in Tunis has been kept in culture for nearly 
fourteen years, during which it was subcultured 395 times. A strain of 
L. tropica has been kept for over fourteen years, and has been sub- 
cultured 384 times. £. tarantolce has been kept for seven years with 
188 subcultures, and a trypanosome of the toad for a similar period with 
193 subcultures. 

This medium is frequently employed for diagnostic purposes to dis- 
cover parasites which are present in numbers too small for detection 
with the microscope. For the diagnosis of leishmania infections in man 
and experimental animals it is of special value. Similarly, trypanosome 
infections of birds and cold-blooded animals can be discovered by its 
means. Infections of geckos with L, tarantolce have been detected in 
this way. The method has also been applied to insects, such as bed 
bugs, with the object of determining the length of time L, donovani will 
survive in them. 

As noted above (p. 643), Ponselle has cultivated Trypanoplasmavarium 
on what is essentially this medium. The agar to the strength of 2 per 
cent, is dissolved in tap water without any addition of sodium chloride, 
and with the quantity in each test-tube is mixed an equal quantity of 
defibrinated rabbit’s blood. 

Various modifications of’N.N.N. medium have been used with success. 
In the place of rabbit’s blood, that of other animals can be employed, 
while the addition of glucose to the agar may be an advantage. Noller 
(1917) and Hoare (1923) have used the following modification for cultiva* 
tion of the trypanosome of the sheep: Agar 25 grams and glucose 
20 grams are dissolved in 1,000 c.c. of broth (pH=7‘6). Equal volumes 
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of agar and defibrinated or undefibrinated horse or rabbit blood are mixed 
in each tube, which is then sloped, 

A further modification introduced by Noller (1917) is the use of the 
medium on agar plates. The agar is prepared by dissolving agar 10 grams 
and glucose 10 grams in 1,000 c.c. of broth. This is placed in test-tubes 
to a height of 12 to 18 centimetres in each, sterilized, and kept till required. 
To make a plate, the agar is melted and transferred to a small flask, where 
it is mixed with an equal volume of defibrinated horse blood. The mixture 
is immediately poured into a Petri dish, and allowed to solidify. The 
plates are kept in the inverted position to prevent condensation water 
falling on the surface, while to avoid drying and contamination, a small 
quantity of sublimate solution is run into the lid. This has to be renewed 
from day to day, care being taken to prevent any of it coming into contact 
with the medium. On these plates Noller has cultivated many flagellates, 
including Leishmania donovani, Trypanosoma theileri, and T. melophagitmiy 
trypanosomes of birds, Leptomonas ctenocephali^ and i. fasciculata. The 
plates are inoculated by streaking them as in bacteriological work. Visible 
colonies, often branched, are obtained, and in these enormous numbers 
of the organisms are present. 

Noguchi’s Serum Medium. — Though the blood and tissue flagellates have 
been usually cultivated in media containing fresh blood, as described 
above, many attempts have been made to use blood-free media. Kligler 
(1924) has shown that Leishmania tropica will grow very well in the 
medium devised by Noguchi for the cultivation of spirocheetes of Weil’s 
disease and relapsing fever. Noguchi (1924) has also used it for the 
cultivation of various species of Leishmania, The medium as described 
by Noguchi and Lindenberg (1925) has the following formula: 

Saline solution (0«9 per cent.) 800 naits. 

Fresh rabbit serum lOo ,, 

Nutrient agar (2-0 per cent., pH =-7*2) 100 \\ 

Babbit hemoglobin solution (made by laking 1 part of 

defibrinated rabbit’s blood in 3 parts of distilled water) 10 to 20 parts. 

Growth occurs at the top of the medium as a whitish cloud or scum 
consisting of a mass of organisms. This layer, which will re-form in the 
course of a week or two, can be removed repeatedly during several months. 

Kligler (1925) has used with success the following modification: each 
tube contains 4*5 c.c. of agar (0-2 per cent, nutrient agar plus 0-1 per cent, 
dextrose). Just before use 0*5 c.c. of fresh rabbit serum is added to the 
warmed tube. 

Blood-Broth Medium. — In certain cases trypanosomes will grow' and 
multiply in mixtures of blood and ordinary bacteriological broth. The 
method of growth has been employed chiefly for the cultivation of trypano- 
somes from the blood of cattle and sheep when they are present in the 
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blood in small numbers. Blood is taken from a vein by means of the 
bottle described above (p. 1301). It is defibrinated and distributed in test- 
tubes, in each of which is a volume of broth equal to that of the blood to 
be added. The tubes are incubated at 30"^ C. At the end of a week or 
ten days, if trypanosomes are present and bacterial contamination has 
been avoided, the trypanosomes will have multiplied sufficiently to be 
detected. Subculture cannot be satisfactorily made in the same medium. 
For this purpose N.N.N. medium, or Noller’s modification of it, must 
be employed. The flagellates which occur in the cultures tend to be of 
the crithidia type, an indication that they represent the insect phase 
of development (see p. 505). 

Ponselle’s Medium. — This medium is one which Ponselle has used with 
success for the cultivation of pathogenic trypanosomes. The media 
described above give good results with non-pathogenic trypanosomes and 
the various leishmania, but are not satisfactory for those trypanosomes 
which produce disease, though Novy and MacNeal were able in some cases 
to cultivate T. brucei, and to maintain it in subculture in their original 
blood-agar medium. Subsequent observers have invariably failed to 
carry on the cultures which have been commenced in this medium. 
Ponselle has found the following to give good results : 

NaCl 0-3 to 0 8 gram. 

Peptone (Witte’s) . . . . . . . . . . 2 grams. 

Gelatin . . . . . . . . . . . . 2 ,, 

Normal solution of sodium carbonate . . . . 1 c.c. 

Distilled water . . . . . . . . . . 100 c.c. 

All the ingredients must be perfectly pure. They are heated rapidly 
on a water-bath, and the resulting solution is sterilized in an autoclave 
at 110° C. for half an hour. When the liquid has cooled to the laboratory 
temperature, there is added an equal volume of rabbit’s serum when 
medium for a primary culture is required, or an equal volume of de- 
fibrinated rabbit’s blood when the medium is required for subcultures. 
The mixture, distributed in quantities of 3 c.c. in test-tubes, is then in- 
activated by keeping it for half an hour at 56° 0. As regards the sodium 
chloride, the quantity required varies with the trypanosome. It is 0*3 for 
T, brucei^ 0*6 for T. pecaudi, and 0*8 for T, rhodesiense and T dimorphon, 

CULTIVATION OF MALARIAL PARASITES AND PIROPLASMATA.— The 

cultivation of these organisms differs from that of the blood-flagellates 
in that they are essentially parasitic in red blood-corpuscles, which 
must be present in the medium. The outlines of the method for the 
cultivation of malarial parasites first introduced by Bass and Johns have 
been noted above (see p. 967). In most cases it consists in keeping the 
young parasites outside the body for a length of time sufficient for them 
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to grow and reproduce by schizogony. Occasionally it has been possible 
to follow the entry of the merozoites into other red cells and to trace their 
growth into schizonts. More rarely a third generation has been observed. 
Longer than this it has not been possible to maintain the parasites in 
cultures, so that the method cannot be compared with those adopted for 
the blood-flagellates, which can be maintained indefinitely. As in the 
case of the cultures of flagellates, it is essential that all bacterial con- 
tamination be avoided during the various manipulations, which, according 
to Bass (1914), are as follows: 

Blood containing young forms of malarial parasites is taken from 
a vein with a syringe, from which it is transferred immediately to a 
defibrinating flask containing O*! c.c. of 50 per cent, solution of dextrose 
for each 10 c.c. of blood. Defibrination is effected by stirring with a 
glass rod, care being taken to avoid bubble formation. The defibrinated 
dextrose blood is then transferred to culture-tubes not less than 1*25 centi- 
metres in diameter and 12*5 centimetres in depth. The quantity of 
blood for each tube may vary in depth from 2*5 to 5 centimetres, which 
will give a column of serum 1*25 to 2*5 centimetres deep above the cells 
when they have settled to the bottom of the tube. The column of 
serum should not be less than 1*25 centimetres, but it may be more than 
2*5 centimetres, though there is no advantage in this. The tubes are in- 
cubated in the vertical position at a temperature of 40° C. The parasites 
live and develop in the red blood-corpuscles at the top of the column of 
deposited cells in a layer which varies in thickness from 0*05 to 0*1 centi- 
metres. All parasites beneath this layer die in from two to twenty hours. 
The parasites in the thin layer can be examined from time to time by 
carefully drawing off cells by means of a fine pipette. In this manner 
it is possible to follow in stained films the growth of the young parasites 
till they reproduce by schizogony. 

If it be desired to obtain more than one generation in the culture, the 
defibrinated glucose blood must be centrifuged at a speed sufficient to 
cause the leucocytes to occupy the upper layers of the deposit, so that 
red cells free from leucocytes can be obtained. The supernatant serum 
is then transferred to culture-tubes, which are better if they have flat 
bottoms. The column of serum in each should be from 1*25 to 2*5 centi- 
metres in depth. A pipette is passed into the middle of the deposit in the 
centrifuge-tube, and red cells and parasites drawn off. These are trans- 
ferred to the bottom of the culture-tube. By this technique the presence 
of leucocytes, which devour the merozoites as soon as they escape from 
the red blood-corpuscles, is avoided. The young parasites will enter red 
cells and again grow into schizonts. It has only been possible to conduct the 
parasites through three generations, after which they cease to grow and die. 
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The above technique has been modified by various observers, but no 
better results have been obtained. 

Row (1917) and Sinton (1922) have devised methods by which the 
growth of a single generation of parasites can be followed when only a 
few drops of blood are abstracted. The method is essentially the same 
as that of Bass. In Row’s method the blood is 
drawn from the finger into a small tube in which 
it is defibrinated. The small quantity of defibri- 
nated blood is then transferred by means of a 
pipette to a small, flat-bottomed tube containing 
serum to which the requisite quantity of dextrose 
has been added. The small tube is placed in a 
larger tube (the ordinary bacteriological potato- 
tube) provided with a constriction on which it rests. 

Below the constriction the outer tube contains a 
solution of pyrogallic acid, to which sodium hydrate 
is added just before the introduction of the small 
tube. The large tube is then corked tightly with 
a rubber cork, the pyrogallic acid and sodium 
hydrate absorbing the oxygen, so that the culture 
takes place in an oxygen-free atmosphere. 

In Sinton’s method, all the manipulations are 
performed in a specially constructed tube about 
20 centimetres in length (Fig. 565). It is made 
from tubing having a bore of 0*4 to 0-5 centimetre. 

To construct it, one end is drawn out as in an 
ordinary pipette, and by placing a narrow metal 
tube over the thin drawn-out portion while it is 
still soft and pressing upwards there is produced 
a flat surface, from the centre of which the thin, 
drawn-out tube arises (A). The tube is now heated 
a short distance above the flattened surface, and 
drawn out till it forms a tube about 0*2 centi- 
metre wide (C). There is thus formed a narrow 
tube which passes into a dilated bulb (B) with 
its lower surface flattened. At the upper portion 

of the narrow tube a slight constriction (D) is made, while about 0-4 
to 0*5 centimetre above the constriction the tube is again heated, and 
an indentation made on each side by pressing inwards with the point 
of an iron nail (E). Three glass beads (F) are then dropped into the 
upper portion of the tube (6), their progress being checked by the in- 
dentations (E). The upper end of the tube is then drawn out and bent. 




Fig. 565 . — Apparatus 
USED BY Sinton for 
Cultivation of 
Malarial Parasites 
IN Small Quantities 
OF Blood. (After 
Sinton, 1922 .) 

The small Wright’s capsule 
contains the ascitic or 
hydrocele fluid. 
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as in a Wright’s capsule (H). The upper and lower drawn-out ends are 
kept sealed, and the whole tube can be sterilized. 

When the culture is to be made the tube is opened at both ends, and 
the upper capillary end is bent at right angles to the plane of the rest of 
the tube, so that the whole will lie on a table with the open upper end point- 
ing upwards. The upper end is inserted into an already prepared Wright’s 
capsule containing ascitic or hydrocele fluid to which the requisite quantity 
of dextrose solution has been added. The fluid is allowed to enter the 
tube till the upper section is about a third or half full. From the carefully 
sterilized finger of a malarial patient five to ten drops of blood are run into 
the fluid in the tube. The dilated part of the lower end of the tube is then 
gently heated and the narrow tube below it sealed off. As the air in the 
dilated part cools, the blood-mixture is drawn further into the tube. After 
this the upper end is sealed off. By shaking the glass beads the blood- 
mixture is defibrinated. When this is complete, the tube is swung round 
rapidly so as to drive the defibrinated blood-mixture through the constric- 
tion into the lowermost part of the tube, where it should fill the dilated part 
and the narrow section above it. The tube is then heated at the constric- 
tion above the column of fluid and sealed off. The red corpuscles settle 
to the flat bottom of the dilated lower portion, and the whole tube is 
incubated in the vertical position. In order to examine the culture the 
tube has to be opened. After removal of cells by a pipette it can be sealed 
again. Sinton found that a temperature of 35° to 38° C. gave uniformly 
successful results. 

As regards the cultivation of piroplasmata, there is little to add to what 
has been said above (p. 1028). The technique is the same as that employed 
for malarial parasites. Multiplication takes place by the usual budding 
method, and it appears that new red cells become infected, some of which 
may show as many as sixteen parasites. 

Cultivation of Flagellates from Insects. 

The various media which have been described above for the cultivation 
of flagellates from the blood and tissues of vertebrates can be employed 
for growing the closely allied insect flagellates. In the case of insects, 
however, there is difficulty in obtaining the flagellates free from bacteria. 
The only forms which have been cultivated are those of the intestine, 
which has to be dissected out without bacterial contamination. If the 
intestine contains bacteria which will grow in the medium, there is still 
greater difficulty in isolating the flagellates, though this can be done. 

The dissection of insects is carried out with all precautions necessary to 
prevent bacterial contamination, sterile instruments, slides, and solutions 
being used. Before dissection the insect can be immersed for a few seconds 
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in Weigert’s iodine solution, placed in a sterile solution of hyposulphate 
of soda to remove the iodine, and then washed in sterile saline, from which 
it is transferred to the slide. By cutting open the body with sterile needles 
the intestine is drawn out. As recommended by Hoare for cultivation of Try- 
panosoma melophagium of the sheep ked, the intestine is then lifted up with 
sterile forceps and a large volume of sterile saline solution poured over it. 
The intestine is then transferred to N.N.N. or one of the other blood-media. 

Noller has employed another method, which depends upon the property 
rosettes or clusters of flagellates have of adhering to a slide. After the 
intestine of the insect has been dissected out as described above, it is 
opened and the flagellates liberated. The fluid containing them is trans- 
ferred to a sterile cover-slip and left for some time. The clusters of flagel- 
lates sink and become adherent to the cover-glass, which is then washed 
with sterile saline which is allowed to flow over it. In this way bacteria 
are removed, and some, at least, of the clusters of flagellates remain adherent 
to the cover-glass. A drop of sterile fluid is then placed on the cover- 
glass, and the flagellates dislodged by a platinum loop. The fluid is then 
inoculated to the medium. 

Some insects, especially fleas, as described above (p. 350), have the 
habit of voiding faeces during the feeding act. Such faeces can be received 
directly on to sterile portions of a cover-glass held behind the insect 
and transferred to the medium. The writer on several occasions has 
obtained bacteria-free cultures of leptomonas of fleas in this way. 

In the case of certain insects like house flies, which are omnivorous 
feeders, the intestinal contents contain numerous bacteria. Advantage 
in these cases may be taken of the peritrophic membrane, within which the 
ingested material is confined (B'ig. 175). Sometimes flagellates occur in 
the endotrophic space between the membrane and the intestinal wall. 
Bacteria appear to be absent from this space. If the intestine be removed 
without outside bacterial contamination, as described above, its wall can 
be opened at one point without damage to the peritrophic membrane, and 
cultures commenced from the fluid which escapes from the peritrophic 
space. 

Cultivation of Coprozoic Protozoa. 

The coprozoic Protozoa are those which develop in faeces as a result of 
cysts which have passed unharmed through the intestine. If faeces, 
especially those of herbivorous animals, be kept for a few days. Protozoa 
of various kinds appear in them. The faeces of pigs and frogs, for example, 
if kept moist, give rise to very rich cultures of coprozoic organisms. 
Amoebae belonging to the genera Hartmannella^ Sappinia, and Dimastig- 
amoeba, shelled amoebae of the genus Chlnmydophrys and its allies, flagel- 
lates belonging to the genera Bodo, Spiromonas, Cercomonas, Heteromita, 
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and CopromonaSf and even ciliates, are the forms most usually met with. 
Many of these will grow and multiply on agar plates, where they feed upon 
the bacteria which develop. If freshly-passed faeces is streaked on such a 
plate, in a few days cultures will often be obtained. The medium which 
has been very extensively used is one which was devised by Musgrave and 
Clegg, and modified by Walker: 


Agar . . . . . . . . . . 2*5 grams. 

Sodium chloride . . . . . . . . . . O-OS grams. 

Liebig’s beef extract . . . . . . . . . . 0*05 ,, 

Normal sodium hydroxide solution . . . . 2*0 c.c. 

Distilled water . . . . . . . . , . 100 c.c. 


After solution has taken place, the mixture is distributed in test-tubes 
in quantities sufficient for making plates, as in bacteriological work. The 
material from which the culture is to be made is streaked on the plate in 
two or three parallel lines. The plates, which are kept with the agar 
upwards to prevent drops of condensation water falling on to it from the lid, 
are maintained at the laboratory temperature or in an incubator at about 
22° C. Bacteria multiply rapidly, and commence to grow across the plate 
from the inoculated streaks. The Protozoa at first multiply on the original 
streak, but they gradually make their way over the plate in the direction 
of the spreading bacterial growth. By examining the plate with a low- 
power objective, the Protozoa can be detected in the bacterial growth 
as small refractile bodies. By scraping off some of the growth with a 
platinum loop and smearing on other plates, subcultures can be obtained. 
It is possible by the use of a fine capillary tube, heated to form a tiny bead 
at the end, to pick up individual amoebae and transfer them to a fresh plate. 
In this way pure strains can be isolated. 

Many coprozoic amoebae and flagellates can be grown in weak solutions 
of egg albumen, in a liquid obtained by boiling faeces in water, or in hay 
infusion. In the liquid media the amoebae are confined chiefly to the 
surface scum. 

It has to be remembered that the mere occurrence of a recognizable 
stage of a parasite in faeces is not in itself an indication that it is a parasite 
of this particular animal. Oocysts of species of Monocystis are common 
in faeces of birds which have fed on worms, while those of fish coccidia may 
appear in the faeces of human beings (see pp. 851 and 1147). 

Maintenance of Parasitic Protozoa in Laboratory Animals. 

This method of keeping strains of parasitic Protozoa in laboratory 
animals is in certain respects comparable with that of cultivation, for 
in many cases the organisms are maintained in animals which are not 
their natural hosts. Many strains of trypanosome — the pathogenic 
trypanosomes — will multiply and survive in rats, mice, guinea-pigs, and 
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other animals. This applies particularly to T, gamhiense, T. bruceiy 
T. rhodesiense, T, congolense, T. evansi, and T, equiperdum. If a rat is 
inoculated subcutaneously or, better, intraperitoneally with a drop of 
blood from an infected animal, trypanosomes appear in its blood after 
a varying incubation period. They multiply progressively, and finally 
bring about the death of the animal. Towards the end of the illness, and 
before or immediately after its death, some of its blood is inoculated to 
another animal, which acquires the infection. In this way strains can be 
maintained indefinitely. After several passages in one kind of animal 
the virulence of a strain is as a rule increased up to a maximum, the animals 
then surviving a fairly constant number of days, which for mice is about 
five, rats ten, and guinea-pigs twenty. By changing the kind of animal 
from time to time the virulence may be diminished. The inoculations 
may be carried out by abstracting a few drops of blood from the ear or 
tail of the animal, mixing it with a small quantity of physiological saline 
solution in a watch-glass, and injecting the mixture with a hypodermic 
syringe. A very simple method which can be used when only a small 
quantity of blood is to be injected is to use a piece of glass tube drawn out 
to a very fine capillary. The blood is allowed to run directly from the 
exuding drop into the capillary portion of the tube, which is immediately 
used for the inoculation as a needle, the blood being expelled by blowing 
with a rubber teat or the mouth. The manipulations must be carried out 
rapidly before coagulation has occurred. At the first inoculation into a 
laboratory animal the type of infection produced varies with the trypano- 
some used. Thus, rats inoculated from human beings infected with T, gam- 
biense acquire a mild infection. Trypanosomes may be found only 
occasionally in the blood, the animals surviving for several months or even 
a year. In order to establish such a strain in the rat, it is advisable 
to sub-inoculate intraperitoneally with a large quantity of blood when 
trypanosomes are first seen to be present. By repeating the process, the 
virulence can be increased in five or six passages till the inoculated animals 
show a regular and progressive multiplication of trypanosomes in the 
blood, even when a single drop of blood or even less is inoculated. Other 
trypanosomes, like T, brucei or T, rhodesiense and T. evansi, are more 
virulent to rats at the first inoculation, though increase in virulence occurs 
after several passages. In the case of T. cruzi there is a different state of 
affairs. Rats, mice, and guinea-pigs can be infected, but less readily 
than with the pathogenic trypanosomes of Africa. Young animals are 
more susceptible. After several passages in one kind of animal the 
virulence diminishes, the animals tending to recover from the infection. 
Finally, inoculation may fail to infect. By using only young animals and 
sub-inoculating immediately trypanosomes appear in the blood, it may be 
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possible to maintain a strain indefinitely. This is facilitated by changing 
the kind of animal from time to time. 

Trypanosomes of birds can in certain cases be kept by inoculation. 
Thiroux has shown that the naturally occurring trypanosome (T. paddce) 
of the Java sparrow can be inoculated from canary to canary (p. 577), 
Blood can be obtained from a bird by puncture of a vein on the under- 
surface of the wing with a sharp needle. Inoculations are readily made 
into the pectoral muscles. 

As regards Leishmania donovani and L. tropica^ there is considerable 
difficulty in keeping strains in animals, owing to the decline in virulence 
in successive passages. To bring about infection in rats, mice, dogs, 
or monkeys it is necessary to inoculate intraperitoneally large doses 
of the parasite. The infection acquired may be a slight one or a heavy 
one. At each sub-inoculation a large dose is necessary, so that as a rule 
after at most a few passages the parasites are present in numbers too 
small to bring about infection. The recent work on the hamster appears 
to show that this animal is more susceptible, and that a strain can be 
maintained in it (see p. 416). In the case of L, tropica it is probable 
that a strain could be maintained indefinitely in the monkey or dog 
by inoculation into the skin. The animals recover from the infection, so 
that sub-inoculations must be made when the lesion appears to have 
reached its maximum size. The sore is excised or scraped, and the 
material containing parasites is injected into the skin of the next animal. 

Strains of Entamceba histolytica can be kept in kittens. The primary 
infection can be secured by introducing into the stomach of an animal 
material rich in encysted forms or by injecting material containing the 
vegetative forms per rectum. The injection is best carried out by fitting 
to a syringe about 6 or 7 inches of a medium-sized catheter, which, with 
the aid of vaseline, can be passed into the stomach or large intestine 
into which the material is injected. The animals acquire an acute dysen- 
tery associated with the presence of a large number of amcebse. The 
chances of such an infection occurring after rectal injections are con- 
siderably increased if the anus is sealed after the injection by a plug of 
cotton-wool soaked in a solution of collodion in ether. It is softened with 
ether and removed in two or three days, when a large infection can usually 
be detected. To sub-inoculate it is best to kill the animal, wash out the 
contents of the large intestine with warm saline solution, and even scrape 
the mucosa. The material so obtained is inoculated to the next animal. 
In this way it is possible to keep a strain indefinitely. According to Dobell 
(1926), the allied E, nuttalli of monkeys can be maintained in the same way. 

The malarial parasite of birds {Plasmodium prcecox) can be maintained 
indefinitely in canaries and other susceptible birds by inoculating blood 
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from one to the other. There is a marked difference in the susceptibility, 
some birds acquiring heavy and fatal infections, and others mild ones from 
which they recover. 

Another parasite which is inoculable to a variety of laboratory animals 
and can be maintained in this way is Toxoplasma gondii, and the possibly 
identical forms found in other animals. 

In many cases in which it is desired to maintain strains it is necessary 
to use the natural hosts, owing to the marked specificity of the parasite. 
The common trypanosome of the rat {T. lewisi) cannot infect any other 
animal under natural conditions. It can readily be inoculated from rat to 
rat, and a strain inoculated from a naturally infected wild rat into a white 
rat can be kept in this animal. An infection appears in the blood in six or 
seven days, reaches a maximum, and gradually subsides, so that sub- 
inoculations must be made during the period when trypanosomes are 
present. 

The maintenance of strains in the natural hosts is of general application, 
and only necessitates a supply of animals which are known not to have 
been previously infected. This applies not only to parasites which can 
be infected by inoculation of blood, such as the malarial parasites of 
monkeys, the piroplasmata, and trypanosomes, but also to those in which 
infection results from the ingestion of encysted or other stages, such as 
coccidia, and even those which require to be injected by an intermediate 
host. In nearly all cases, in order to study the complete life-history of a 
parasite, experimental infection of the natural hosts is essential, and in 
order to carry out a sufficient number of observations, the successive 
infection of a number of these is necessary. 

Not only are parasites maintained in vertebrates, but they can also 
be kept in invertebrates. In the case of those which are the intermediate 
hosts of vertebrate parasites, it is not usually convenient to keep the 
parasites in them, as they cannot, as a rule, be infected directly from one 
another by inoculation. Sometimes, however, when once the inverte- 
brate is infected by allowing it to feed on the vertebrate, the parasite 
may survive in one individual for a long time. Thus, reduviid bugs, 
which may live for many months, and even bed bugs and ticks, may be 
infected with T, cruzi, which, without injuring the invertebrate in any 
way, survives in it for the rest of its life. The faeces of the bugs or the 
crushed-up intestine will produce infection in a suitable vertebrate at 
any time. In this case a trypanosome which is difficult to maintain in 
the vertebrate may be kept for long periods in the invertebrate, which 
happens to be very long-lived. Another illustration is afforded by 
Babesia canis of dogs. This piroplasm is readily inoculable from dog to 
dog, in which it often produces a rapidly fatal infection, so that to maintain 

II. 84 
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a strain numbers of animals are required. Ticks which will remain infec- 
tive for long periods can be fed on a dog, and the parasites maintained in 
them. On one occasion the writer collected ticks off a dog infected with 
B. canisy and produced infection in another dog six months later by 
allowing the ticks to feed on the animal. Other species of Babesia behave 
in a similar manner. By breeding Lynchia maura in cages in which pigeons 
were kept, the writer has maintained a strain of Hcemoproteus columboe. 
A fresh pigeon introduced from time to time becomes infected by the 
flies which feed on it. 

Parasites which are peculiar to invertebrates can often be maintained 
in their hosts. This is usually done by allowing them to breed, care being 
taken to introduce to the breeding-cage a certain number of individuals 
already infected. Rat fleas infected with flagellates can be reared in this 
way in a cage with a rat. The fleas become infected from one another, 
so that a constant supply of infected insects is at hand. The method is 
applicable to any invertebrates which can be reared in captivity. 


Importance of obtaining Clean Hosts for Experimental Infections. 

It has already been mentioned that in order to study the complete 
life-history of a parasite it is advisable, whenever possible, to study the 
infection in an animal which has been infected experimentally. In this 
way definite information regarding the rate of development, the duration 
of the infection, and the successive stages of the life-cycle can be obtained. 
It is essential that clean or uninfected animals be used. In the case of 
vertebrates there is often considerable difficulty in obtaining such animals, 
reliance having to be placed on repeated negative examinations of the 
blood and fseces. It is possible, by breeding from animals in which no 
signs of infection can be discovered, to obtain batches which are free from 
infection. The criterion of freedom from infection varies with different 
parasites. The mere failure to discover parasites by direct examination 
may not be sufficient, as shown by the frequency with which parasites 
can be cultivated from the blood when none is actually visible, and by 
the possibility of producing infections in other animals by inoculation of 
blood. In the case of trypanosomes of cattle and sheep and leishmania 
in man culture from the blood will often reveal infections not otherwise 
detectable. It is well known that after an acute attack of piroplasmosis 
the blood of an animal remains infective to inoculated animals, sometimes 
for years, though no parasites can be found in the blood. These illus- 
trations serve to indicate how difficult it is to exclude absolutely a previous 
infection unless it has been possible to observe the animals from their 
birth, or to obtain them from localities in which the particular infection 
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does not occur. In certain cases it has been claimed that infections can 
be eradicated and animals rendered clean by drug treatment. Thus, 
during his experiments on the infection of rats and mice with the human 
intestinal amoebae, Kessel concluded that the naturally occurring amoebae 
of these animals could be got rid of by dosing the animals with magnesium 
sulphate on two successive days (see p. 206). 

Even if it can be concluded with tolerable certainty that an animal 
is free from infection, unless it has been observed from birth it may have 
had the infection previously, and in some cases this will have conferred 
upon it an immunity to reinfection. Rats which have once been infected 
with Trypanosoma lewisi cannot be reinfected, and this appears to be true 
of many of the coccidial infections. Failure to infect an animal with a 
parasite may be due to the fact that previous infection has occurred. On 
the other hand, some hosts appear to acquire no immunity, and can be 
repeatedly infected, as is the case with the trypanosome of sheep, and 
probably the intestinal flagellates and amoebae. From the above remarks 
it follows that for the study of the life-histories of parasites, the safest 
method is to use young animals which have been carefully observed, and 
for preference those whose parents were apparently free from infection. 

The general principles outlined above apply very largely to inverte- 
brates also. In the case of these animals, it is usually possible to breed 
clean offspring. The eggs, larvae, or pupae can be isolated, and the result- 
ing individuals may be exposed to infection as desired. Such uninfected 
invertebrates are very necessary for the study of the development of 
blood-parasites of vertebrates. For example, tsetse flies in nature are 
liable to infection with several different trypanosomes. It was only 
when observers adopted the method of hatching flies from pupae and 
allowing them to feed on vertebrates infected with a known trypanosome 
that the cycles of development of the various forms in the fly could be 
satisfactorily elucidated. By employing flies bred in the laboratory, 
Kleine first demonstrated the fact that they do not become infective 
till after the lapse of about three weeks from the time they feed on infected 
animals. The developmental forms of the various malarial parasites 
of man and birds in mosquitoes are very similar to one another. By 
employing mosquitoes hatched from pupse it was discovered that the 
human parasites would develop only in species of Anopheles and the bird 
parasites only in species of Culex and their allies. Another illustration 
is afforded by the sheep trypanosome. The ked which lives on sheep 
always has an intestinal flagellate infection. It was supposed that this 
was a flagellate peculiar to the ked. Kleine hatched keds from pupsB, 
and allowed them to feed on goats. No intestinal infection was acquired. 
Only those which fed on sheep developed the infection, a fact which helped 



1316 METHODS OF INVESTIGATION 

to prove that the flagellate infection was acquired from the trypanosome 
of sheep. 

In the case of the various species of Babesia^ there is considerable diffi- 
culty in obtaining clean ticks for experimental purposes, for these para- 
sites pass through the egg of the tick and render the succeeding generation 
infective. In such cases it would be necessary to prove the non-inf ectivity 
of adult ticks by allowing them to feed on susceptible hosts. If these did 
not become infected, it might be safe to assume that the ticks were not 
infected. They could then be used for raising clean offspring. In any 
case there is considerable uncertainty, and it is probably on this account 
that knowledge regarding the development of species of Babesia in ticks 
is so imperfect. 

Insects and other invertebrates are often infected with parasites 
peculiar to themselves, and, as in the case of parasites which are limited 
to vertebrates, it is often necessary to obtain uninfected hosts which can 
be experimentally infected. This, again, is most readily accomplished by 
separating the eggs and rearing batches which have not been exposed to 
infection. 

Ob$er\ations on Killed Protozoa. 

It not infrequently happens, especially in the case of flagellates and 
ciliates, that their movements are so energetic that certain details cannot 
be observed. Without any attempt at permanently fixing or staining them, 
much information can be gained by killing them by exposing the fluid on 
the slide to osmic acid vapour for ten to fifteen seconds. The drop of 
fluid on the slide is simply inverted over a bottle containing a 1 per cent, 
solution of osmic acid. Another method is to mix the fluid with a drop of 
iodine solution, which has the advantage of colouring the organisms a 
faint brown. Both these procedures not only kill the organisms, but bring 
about fixation, so that structures such as flagella or cilia and nuclei are 
more clearly seen (see p. 308). The iodine method is of great value for the 
examination of encysted Protozoa, especially in faeces, for the nuclei, which 
are with difficulty detected in living cysts, and vacuoles containing glycogen 
which stains a brown colour, become clearly visible (Plate II., p. 250). 

PERMANENT PREPARATIONS OF FIXED AND STAINED PROTOZOA.— 

Permanent preparations of fixed and stained Protozoa are essential for 
the study of many of the finer details of structure. Practically all the 
methods used in cytological work have been applied to the Protozoa, 
and many special methods have been introduced, but it is only necessary 
to Consider a few of those which are of more general application. 

Preparation of Dried Films. — This method of examination is considered 
first, not because it is one which gives accurate information regarding 
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the structure of organisms, but because it is simple of application and 
widely used for diagnostic purposes. As regards the structure of the 
cytoplasm and the nucleus it is most misleading. Nevertheless, it 
will frequently give an indication of the general shape of an organism, 
the position of the nucleus and other structures in the body, the number 
of flagella present, and other details. When the appearance of known 
organisms prepared in this way has been observed, it is possible to recognize 
the actual species. The method is thus very useful for purposes of 
identification of certain trypanosomes, malarial parasites, leishmania, 
and even intestinal parasites, and when used in conjunction with other 
more accurate methods may yield valuable information. 

The method consists in making thin films on slides which must be free 
from grease. The film is dried as rapidly as possible by waving it in the air. 
A very common method of making the film is to take a small drop of fluid 
on the end of one slide which is pushed along the surface of another slide 
at an angle of about 45°. Blood-films are made in this way, as also films 
of any liquid. Films of solid organs such as the liver or spleen are made by 
simply smearing a piece of the organs lightly across the slide or merely 
dabbing the slide with the freshly-cut surface. Thin films of intestinal 
contents can be made in a similar manner. It must never be forgotten 
that the operation of film-making breaks up many of the larger cells which 
are present. Portions of these (fragmentation bodies) are present in the 
films, and have frequently given rise to confusion when their origin has not 
been recognized. The process of smearing and drying undoubtedly distorts 
and may disintegrate the parasites themselves. This may be avoided to 
some extent by exposing the film to osmic acid vapour for ten to fifteen 
seconds before allowing it to dry. If an attempt be made to dry a film 
of liquid containing salt, as the water evaporates the concentration of the 
salt increases, and this has a disastrous effect on the organisms. In such 
cases the drop of liquid may be placed on a slide and exposed to osmic 
vapour before the film is spread. The osmic killed and fixed organisms 
are much less liable to distortion. 

When the film is dry, if a watery stain is to be used, it is fixed by immer- 
sion in a cylindrical glass bottle containing absolute alcohol, in which it is 
left for about five minutes. It is then taken out and allowed to dry as it 
leans against a support in an almost vertical position. The film can then 
be stained. This is most satisfactorily carried out by one of the modifica- 
tions of the Romano wsky stain, which has the property of colouring cyto - 
plasm blue and chromatin granules, flagella, red blood-corpuscles, and other 
structures various shades of red or purple. Simple stains, such as methy- 
lene blue or hse malum, can be employed, but these do not give such good 
differential staining or contrast of colours. 
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Giemsa's Stain.— To stain a film with Giemsa's Romanowsky stain, 
it is placed in a dish film-side downwards, and supported at each end 
on pieces of fine glass tubing or on ridges which are present in the dish. 
To 10 c.c. of acid-free distilled water ten drops of the stain are added in a 
graduated tube. Mixture is effected by inverting the tube, and the diluted 
stain is poured into the dish so that it passes under the slide. The dish is 
covered, and staining is continued for ten minutes or longer according to 
the intensity required. For fine objects such as flagella it may be left for 
one or more hours. The film is then removed and washed in running dis- 
tilled water for about a minute. It is then dried, either by leaning it in 
an inclined position or blotting it with smooth filter-paper. The film is 
then ready for examination. If an oil-immersion lens is not used, it will 
be necessary to cover the film with a thin layer of immersion oil. For 
examination with the oil-immersion lens oil is placed directly on the film. 
After examination the oil is removed by running xylol over it and allowing 
it to dry, in which condition it can be kept. The film can be mounted 
in Canada balsam with a cover-glass, but unless the balsam is definitely 
neutral fading rapidly takes place. 

Leishman^s Stain , — Another method of staining films is by Leishman’s 
modification of Romanowsky stain. This stain, being a solution of the 
colouring matter in methyl alcohol, can be used for fixation as well as 
staining. The dried and unfixed film is placed on a support in a horizontal 
position with the film-side upwards, and five to ten drops of the alcoholic 
stain are dropped on to it. It is left for a half to one minute, and then dis- 
tilled water is added in a volume which is double that of the stain used. 
Mixture is effected by gently rocking the slide or by moving a glass rod 
in contact with the surface of the liquid. The staining occupies from 
five to ten minutes or longer. When this is completed, the slide is 
flushed with distilled water, care being taken not to pour the stain off in 
such a way that the surface scum which has formed settles on the slide. 
Distilled water is left on the slide for a minute, after which it is poured off 
and the slide dried. 

Defective Staining. — It not infrequently happens, especially in the tropics, 
that the above stains fail to give satisfactory results. In most cases, 
provided the stains are not too old and have been kept in properly 
stoppered bottles, so that they have not absorbed moisture, this is due to 
defects in the alcohol or the distilled water. The alcohol employed for 
fixing the films for Giemsa staining must be absolute alcohol free from 
acid, and the same remark applies to the methyl alcohol used for dis- 
solving the Leishman stain. The commonest source of error is, however, 
the distilled water, which must be quite neutral and free from acid. A 
simple method of testing water is to add to a quantity in a test-tube a 
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very small granule of bromo-cresol purple. If the water is acid it will 
form a pale yellow solution, while if alkaline it will be purple. The reaction 
of the water should be such that it gives a purple colour, which is turned 
to yellow by the slightest trace of acid. If the water is acid and gives a 
yellow colour, a solution of carbonate of soda (1 in 1,000) can be added 
drop by drop to about 100 c.c. of the distilled water till the purple colour 
appears. Excess of soda solution must not be added. The coloured water 
can be used for the staining process without ill-efEects. 

The best results are obtained with newly-prepared films. Blood-films 
and tissue smears, if not stained within a day or two of making, begin 
to deteriorate, especially in the tropics. With increasing age the staining 
becomes more and more defective, and though methods have been devised 
for rejuvenating old films, none of them gives the results which can be 
obtained by staining them soon after they are made. The defective 
staining of old films is seen in the uniform blue coloration of the red blood- 
corpuscles. This can be remedied to some extent by extracting the blue 
by treating the stained film with a 1 per cent, solution of acid sodium 
phosphate. 

Fallacies Due to Contamination. — It will be advisable to consider here the 
fallacies which may arise in connection with the making and staining of 
dried films. Many of these have been referred to above. They are the result 
of extraneous organisms and other objects finding their way into the films, 
and being regarded as belonging to the blood or other material examined. 

1. The slides may be dirty, and have upon them bacteria, yeasts, or 
other organisms. If previously used for film work, the remains of a previous 
film may be present if they have been improperly cleaned. Scratches or 
fissures on the surface may give rise to appearances difficult to interpret 
owing to the deposit of stain. Slides which are allowed to lie about 
quickly become contaminated from the air, while flies may deposit faeces 
containing flagellates. 

2. The alcohol used for fixing may have become dusty, so that foreign 
particles adhere to the slide, and the same will apply to the stains. 

3. Contaminations readily occur when the film is actually made. If 
blood is taken from an imperfectly cleaned finger or other area of skin, 
bacteria and yeasts may be present. The tail of an animal, such as a rat 
or mouse, is a very fruitful source of such cutaneous contaminations. 
Similarly, when films are made 'post-mortem from the blood and organs, 
outside contaminations are common. If the intestine has been opened 
before films are made, contamination with bacteria from the intestine 
commonly occurs. Films made in the field from animals which have been 
shot are almost invariably contaminated either from the skin or wounded 
intestine with bacteria, spirochsetes, or Protozoa. 
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4. When films are made some time after the death of an animal, various 
bacteria, yeasts, and even flagellates may be present, owing to the fact 
that they have entered the blood and tissues from the intestine either 
shortly before or after death. 

5. If a film has been made and is left exposed, dust, including bacteria 
and yeasts, readily falls on it from the air. Fungus spores will germinate 
and grow across the slide as filaments. House flies will feed on the film, 
and often produce a worm-eaten appearance. They may also contaminate 
the film with bacteria or with their fa3ces, which not infrequently contain 
flagellates and other organisms. The deposits of faeces may be spread 
across the film by the legs or proboscis. When the film is stained, the 
various objects deposited may appear as if they were present in the original 
material. 

6. The distilled water used is a very common source of error. It very 
soon becomes contaminated with bacteria and Protozoa, especially in the 
tropics. When such water is used for diluting the stain, the organisms 
are killed and stained, and, especially when Leishman stain is employed 
with the film- side upwards, they sink on to the film, to which they adhere 
as variously stained bodies. 

7. After a film has been stained, though bacteria and yeasts may fall 
on it, they are unlikely to cause confusion, as they are unstained. On the 
other hand, stained objects may be transferred from one slide to another 
by blotting-paper used for drying films in succession. 

Preparation of Wet Fixed Films. — Films which have been made on slides 
or cover-glass may be fixed before they are allowed to dry with one of 
the fixing fluids which experience has shown to be good for cytological 
work. After fixation the films are washed free of fixative, and stained and 
mounted like sections fixed on slides. No drying is allowed to take place 
at any stage. The results obtained by wet fixation are far superior to 
those given by any of the drying methods described above. It is applic- 
able to blood and tissue films, films of intestinal contents or fseces, the 
centrifuged deposits from urine or other liquids, the tissues or intestinal 
contents of insects, the fluid from cultures, the growth on agar plates, and, 
in fact, any material in which Protozoa occur. It is very largely used for 
the study of intestinal Protozoa of man and animals, and is the best method 
for making permanent preparations of these organisms. It has to be 
remembered that many of the fallacies, such as the occurrence of ex- 
traneous organisms and the disarrangement of the tissues, occur as when 
dried films are made. 

The procedure is to make a thin film of the material on a slide or cover- 
glass, preferably the latter, and drop it immediately, film-side downwards, 
on to the surface of the fixing fluid in a Petri or other suitable dish. If 
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the material is thick, it should be first emulsified with physiological saline 
solution. In the case of blood and tissues, faeces, even when emulsified 
.with saline, fluid from blood or serum culture media, or any liquid contain- 
ing albuminous matter, the film will as a rule adhere to the cover-glass, 
and will remain there throughout the subsequent manipulations if care be 
taken. If films are made from the centrifuged deposit of urine or water, 
they will not adhere unless some adhesive is used. Adhesion can be effected 
by placing on a cover-glass side by side a drop of the material and a drop 
of serum. The two are rapidly mixed and spread over the cover-glass, 
which is at once dropped on to the fixing fluid. A cover-glass usually 
floats on the surface of fixative. If it sinks, it should be turned over after 
fixation to prevent the film being rubbed off. As fixative, one of the 
following can be used: 

Schaudinn^s Fixative , — This is prepared by adding one volume of 
absolute alcohol (or 96 per cent, alcohol) to two volumes of saturated 
aqueous solution of mercuric chloride. This mixture is kept as a stock 
solution. Immediately before use, it is advisable to add acetic acid to 
the quantity to be used to the strength of 5 per cent. 

Zenker^ s Fixative . — The following solution is made: 

Mercuric chloride . . . . . . . . . . 5 grams. 

Potassium bichromate , . . . . . . . . . 2*5 ,, 

Sodium sulphate . . . . . . . . . . 1 

Distilled water . . . . . . . . . . 100 c.c. 

This is a stock solution, and, as in the case of Schaudinn’s fixative, acetic 
acid to a strength of 5 per cent, is added to the quantity to be used. 

Bouin’s Fixative . — This consists of the following mixture: 

Picric acid saturated aqueous solution . . . . 30 parts. 

Pormol (40 per cent.) .. .. .. .. . . 10 ,, 

Acetic acid . . . . . . . . . . . . 2 ,, 

The various solutions are best mixed when the fixative is required for use. 

Alcoholic Bo^iin^s Fixative . — This has the following composition: 

Alcohol (80 per cent.) .. .. .. .. .. 150 c.c. 

Formol (40 per cent.) .. .. .. .. .. 60 c.c. 

Acetic acid . . . . . . . . . . . . 15 c.c. 

Picric acid . . . . . . . . . . . . 1 gram. 

A stock solution of the picric acid in the alcohol can be kept, and the other 
ingredients added in the correct proportions to the quantity required for 
use at any moment. 

Of these four fixatives, the Bouin’s mixtures are probably the simplest 
to use, as the picric acid is more easily washed out after fixation than the 
mercuric chloride in the others. Fixation of films is complete in fifteen 
to thirty minutes. It is more rapid if the solutions are warmed. 
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If Schaudinn’s fixative has been used, after fixation is complete the 
films are transferred to 70 per cent, alcohol, in several changes of which 
they are washed in order to remove the sublimate. Finally, they are 
washed in alcohol of the same strength, to which a few drops of Weigert’s 
iodine solution has been added, the mercuric chloride being converted 
into the more soluble mercuric iodide. The films which have been stained 
yellow by the iodine are again transferred to 70 per cent, alcohol to which 
a drop of 1 per cent, solution of sodium thiosulphate (‘‘hypo.”) has been 
added in order to remove all traces of iodine. During these processes a stay 
of a few minutes in each solution will be sufficient. The films may then be 
transferred to 96 per cent, alcohol, in which they can be left for some hours 
to harden. This is, however, not a necessary procedure, though it may be 
employed if the films have to be left for a day or two before staining. As 
the majority of stains are watery solutions, it is necessary to bring the films 
into distilled water, and this is accomplished by passing them through 
changes of alcohol of decreasing strength (70 per cent, alcohol plus one part 
of water, 70 per cent, alcohol plus two parts of water, and 70 per cent, 
alcohol plus three parts of water) and then into distilled water. 

After fixation with Zenker’s fluid, which does not contain alcohol, 
washing is carried out with distilled water, the iodine and sodium thio- 
sulphate solutions being added to it. 

After Bouin’s fixative, the fi.ims are merely washed in changes of dis- 
tilled water till all the picric acid has been extracted. If alcoholic Bouin 
is used, washing is commenced in 70 per cent, alcohol and the films are taken 
down to distilled water through graded alcohols. 

The films, when in distilled water, can be stained by any of the methods 
employed for staining sections. The following will give satisfactory 
results : 

Mayer^s Hcemalum : 

Hsematein . . . . . . . . . . . . 1 gram. 

Alcohol (90 per cent.) . . 50 c.c. 

Alum . . . . . . . . . . . . . . 50 grams. 

Water 1,000 c.c. 

The solution is prepared by dissolving the haematein in the alcohol with the 
aid of heat, and adding to the solution the water in which the alum has been 
dissolved. A crystal of thymol may be placed in the bottle to prevent 
growth of fungi or other organisms. 

To stain films they are placed in the stain, which is best diluted at least 
twenty times. The best result is probably obtained by adding a few drops 
of the stain to a Petri dish of distilled water, and leaving the films in for 
several hours or overnight. After staining, the films are washed in running 
tap water till they are quite blue. They are then taken through alcohols 



FIXATION AND STAINING OF PROTOZOA 1323 

of increasing strength up to absolute alcohol, in two or three changes of 
which they are dehydrated. Finally, they are cleared in xylol and mounted 
in balsam. 

Mayer^s Acid Hcemalum . — This stain is of the same composition as 
Mayer’s hsemalum, except that it contains acetic acid. It can be prepared 
from it by adding acetic acid to a strength of 2 per cent. It is used in the 
same manner, but has less tendency to over-stain. On this account it is 
more precise. 

If over-staining appears to have occurred with either of these stains, it 
can be remedied by placing the films in acid alcohol (70 per cent, alcohol 
to which hydrochloric acid is added to a strength of 1 per cent.). After 
being decolorized, the films must be well washed in running tap water till 
the acid is completely neutralized and they are blue. 

Heidenhain's Iron Hcematoxylin . — This stain involves the use of two 
solutions — the actual staining fluid and a mordant. The stain is prepared 
by dissolving 1 gram of hsematoxylin in 10 c.c. of 90 per cent, alcohol 
with the aid of heat, and adding to the solution 90 c.c. of distilled water. 
This is allowed to ripen for a week or ten days, after which an additional 
100 c.c. of distilled water are added. The mordant consists of a 4 per cent, 
solution of the violet crystals of iron alum (sulphate of iron and ammonium) 
in distilled water. 

The films are placed in the mordant for several hours, quickly rinsed 
in distilled water, and placed in the stain, where they become black. They 
are left in the stain for several hours, and, after washing in distilled water, 
are transferred to the mordant diluted to a 1 per cent, solution with three 
parts of distilled water. The black deposit is gradually dissolved by the 
excess of iron alum, first from the cytoplasm of the cells and then from the 
nuclei. This decoloration or differentiation is continued till the granules 
in the nuclei are distinct, the films being removed into distilled water 
and examined on a slide with the microscope from time to time. When 
differentiation is complete, the films are washed in several changes of 
distilled water and then for half an hour or more in running tap water. 
They can be then counter-stained with a 1 per cent, solution of eosin or 
orange 6. The films are then dehydrated by passing them through graded 
alcohols, cleared, and mounted as described above. With this stain the 
correct degree of differentiation varies according to the particular object 
in view, and must be determined by direct observation. Small objects 
such as trypanosomes require only a few minutes, but larger ones, like 
amoebsB or their cysts, ten minutes or more. If too much stain has been 
extracted, the films can be re-stained by placing them again in the mordant 
and repeating the various processes. 

As a modification of the above method, alcoholic solutions may be used. 
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The mordant is prepared just before use by diluting 1 part of the 4 per 
cent, aqueous solution of iron alum with 10 parts of 70 per cent, alcohol. 
The stain is similarly prepared by diluting 1 part of the stain with 10 
parts of 70 per cent, alcohol. If films have been fixed in an alcoholic 
fixative, such as Schaudinn’s fluid or alcoholic Bouin’s fluid, all the 
washing is carried out in 70 per cent, alcohol. The film is then placed 
in the mordant, which is kept warm in the incubator for fifteen to thirty 
minutes. It is then rinsed in 70 per cent, alcohol and placed in the 
warm stain for about thirty minutes to an hour. Differentiation is made 
in the alcoholic mordant, after which the films are washed in several 
changes of 70 per cent, alcohol, dehydrated, cleared, and mounted. The 
advantage of the method is that the necessity of bringing the films into 
water after fixation is eliminated. Though it is more rapid than the longer 
method, and frequently gives very excellent results, these are less regularly 
obtained. Furthermore, care must be taken to use only freshly diluted 
mordant, as the alcohol after some time causes a precipitate to form. 

Romanowsky Stain . — The staining of wet fixed films by Romanowsky 
stain is much more difficult to accomplish than in the case of dry films. 
When it is satisfactorily carried out, the nuclei should be of a red or purple 
colour and the cytoplasm blue, as in dried films. 

The films, which may be fixed by any of the methods described above, 
must be very carefully washed to remove all trace of mercury and acid. 
It is well to wash them for some time in running tap water before finally 
bringing them into distilled water for staining. The best results are 
obtained with Giemsa stain, which is used in a strength of 0*5 c.c. in 20 c.c. 
or even 50 c.c. of distilled water. The stain is allowed to act for several 
hours, or as long as twenty-four hours. During this time it is better to 
change the stain once or twice. When staining is complete the films 
must be dehydrated, but this cannot be done with alcohol as it extracts 
the stain. The films, after being rinsed with distilled water, are passed 
through the following mixtures of acetone and xylol before being cleared 
in pure xylol and mounted in balsam: 

1. Acetone 95 c.c. : xylol 5 c.c. 

2. Acetone 70 c.c. : xylol 30 c.c. 

3. Acetone 30 c.c. : xylol 70 c.c. 

4. Xylol. 

Fixation in Liquids , — It not infrequently happens that Protozoa 
occur in liquids in numbers which are too small for the preparation of 
films directly. The organisms can in these cases be concentrated by the 
centrifuge, and films made with the addition of serum from the deposit. 
There is danger, however, that the organisms may be damaged by the 
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centrifuging operation. It is possible in these cases to add a large quantity 
of fixative to the liquid. The liquid can be placed in a test-tube to one- 
third its height, and filled with the fixing fluid. If it be allowed to stand 
vertically, the Protozoa will sink to the bottom. The supernatant fluid 
can be removed and the tube filled with water or 70 per cent, alcohol 
according to the fixative. Sedimentation is again allowed to take place, 
and by repeating the process many times with the various fluids and stains 
used for the preparation of wet fixed films the organisms can eventually 
be stained and brought into xylol. A small quantity of the final deposit 
is placed on a slide with balsam and mounted. 

It is sometimes convenient to preserve, in bulk, material such as feeces 
containing Protozoa, especially the encysted forms. A quantity is emulsi- 
fied in saline solution placed in a test-tube and the fixative added. By 
sedimenting and washing many times all the fixative can be removed. 
The material is then brought into 70 per cent, alcohol, in which it can be 
preserved indefinitely. By use of the centrifuge the washing processes 
can be carried out more rapidly. 

Preparation of Sections.- One of the most important methods of investi- 
gating the parasitic Protozoa is the cutting of serial sections of the 
tissues of the host or the hosts themselves. These are fixed and embedded 
in paraffin, and serial sections are mounted and stained by any of the stains 
described above for wet fixed films. No other method will give such an 
accurate picture of the true relation of the parasite to the cells of the host. 
As an example, the difference betw^een the distribution of Leishmania 
donovani in smears of the spleen and in sections of the same organ may be 
mentioned. In the smear many of the parasites are extracellular, while 
others appear as if they are included in cells in which they do not actually 
occur. In sections practically all the parasites are intracellular, and occur 
only in the large macrophages. Similarly, by smearing the tissues of 
insects on slides, purely intestinal parasites may appear to occur in other 
situations, and even within cells, owing to parasites being superimposed 
on the drying cells. When sections have been made, parasites will not be 
found in any situations unless they occur there normally. On this account 
it is not safe to make deductions from smears unless control sections are 
also made. 

The importance of making serial sections depends on the fact that 
certain stages of development of Protozoa are so large that an individual 
appears in several sections, and it has to be studied in all of these. The 
exact distribution of a parasite in its host is also best followed in serial 
sections. 

When the hosts are large, it is only possible to fix small portions of any 
particular organ. With smaller hosts the whole organ may be dealt with, 
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while many small invertebrate hosts can be fixed and sectioned without 
any dissection. 

The methods of sectioning the tissues of vertebrates are well known, 
and need not be described here. It is essential that fixation be carefully 
carried out if the true structure of the organisms is to be preserved. On 
this account tissues preserved in alcohol or formalin alone do not give 
satisfactory pictures of the Protozoa they may contain. Zenker’s and 
Bouin’s fluids give very good results. After fixation for about twenty- 
four hours the tissues are washed in running tap water for a similar period 
in the case of Zenker’s fluid, and in several changes of 90 per cent, alcohol 
in the case of Bouin’s fluid. 

In the case of invertebrates, especially when they are small, there may 
be difficulty in obtaining the required organs. A knowledge of the 
anatomy of the host, the methods of dissection, and the appearance of the 
organs is essential to success. The invertebrates may be fixed entire, but, 
especially in the case of arthropoda with tough impermeable cuticles, there 
is the obvious disadvantage that fixation of the tissues is never so good 
as when the animal has been opened to allow penetration of the fixative 
or when the individual organs have been removed and fixed separately. 
For a host as large and tough as the sheep ked, Hoare obtained very satis- 
factory results for the study of the sheep trypanosome by fixing the insects 
in the following manner, which was recommended to him by Dobell : 

The ked is dropped into the following modification of Bouin’s fixative: 

Saturated solution of picric acid in 90 per cent, alcohol . . 75 parts. 

Formol (40 per cent, formaldehyde) . . . . . . . . 25 ,, 

Acetic acid . . . . . . . . . . . . . . . . 5 ,, 

To the quantity to be used one to two drops of chloroform are added. 
This tends to soften the chitin and helps penetration of the fixative, 
which is allowed to act for twenty-four hours, during the first of which it is 
warmed on the paraffin oven. The insect is then placed in 90 per cent, 
alcohol and left there for seven days, the alcohol being changed several 
times. It is then passed through the following solutions, in each of which 
it remains twenty-four hours : 

1. Absolute alcohol. 

2. Mixture of equal parts of absolute alcohol and chloroform. 

3. Warm chloroform saturated with paraifin. 

After this it is placed in pure paraffin in the oven at 56° C. for five or 
six hours and finally embedded. Serial sections are then cut, mounted, 
and stained. 

The method is one which can be used for any arthropods with chitinous 
integuments, and it will be found that the Protozoa have been fixed very 
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satisfactorily. This method, in which the host has been fixed without 
any disturbance of its organs, affords a very useful control of the sections 
obtained by fixing the organs separately. 

In certain instances it may be possible to remove part of the chitinous 
covering to allow of better penetration of the fixative. In the case of 
ticks, by careful dissection with fine scissors and needles it is possible 
to remove either the dorsal or ventral surface of the abdomen. The tick 
can then be fixed in Bouin’s or Schaudinn’s fluid as an ordinary piece of 
tissue. When fixation is complete, the whole of the contents of the 
abdomen can be removed as one mass, which is then embedded and cut. 

The method can be used for obtaining sections of the salivary glands 
of mosquitoes. These organs lie in the ventral part of the thorax. With 
care, all the thoracic contents can be dissected out as one mass, which is 
fixed. In the serial sections it is not difficult to find the salivary glands 
(Plates VII. to X., p. 916). 

Not infrequently it is advisable to remove the individual organs by 
dissection, and to fix and deal with them separately. The stomach of a 
mosquito infected with malarial parasites can be removed from the body 
and fixed in Bouin’s or Schaudinn’s fluid. It is then passed through the 
various fluids, and finally embedded in paraffin. Similarly, the intestine 
of any insect can be removed and fixed for the study of flagellate or other 
infections. 

Dissection of Mosquitoes and Tsetse Flies for Detection of Infections. 

In the case of certain hosts, such as mosquitoes and tsetse flies, which 
are known transmitters of disease, special methods of dissection for the 
determination of the presence or absence of a Protozoal infection have been 
elaborated. 

Mosquitoes. — These insects are often dissected with the object of dis- 
covering malarial parasites on the stomach wall or in the salivary glands. 

To obtain the salivary glands of a mosquito, the legs and wings are 
removed and the body is placed on a slide in a drop of saline. With a 
needle in each hand the operator holds the thorax with one needle, while 
the end of the other is placed between the head and thorax. By careful 
and steady traction the head is drawn away from the thorax, and in many 
cases, as the head separates, the salivary glands, which consist of three 
lobes on each side, are drawn out of the ventral part of the thorax still 
attached to the salivary duct. With the needle used for drawing off 
the head the salivary duct is cut and the glands liberated. If the glands 
do not come away with the head, gentle pressure on the thorax may express 
them, or they can be dissected out from the ventral part of the thorax 



1328 


METHODS OF INVESTIGATION 


with the needles. These and the subsequent operations can be performed 
without a microscope, but they are very much simplified by the use of a 
simple lens or a binocular dissecting microscope. It is essential that the 
operator be able to recognize the glands as soon as they appear. 

The head and body of the mosquito are removed from the slide, together 
with any other d6bris. A cover-glass is then applied, and it is possible to 
examine the flattened salivary glands with the microscope for sporozoites, 
which can readily be detected with the one-sixth objective. 

If it be desired to obtain stained preparations of sporozoites, it is better 
to examine the glands without a cover-glass. Even if a cover-glass has 
been applied, it can be removed after the addition of a sufficient quantity 
of saline solution. If sporozoites are present, the fluid on the slide should 
be removed by drawing it off with pieces of blotting-paper. The salivary 
glands should be left on the slide in the smallest possible quantity of fluid, 
the rest of the slide being carefully dried. With the point of a needle the 
glands are then broken up to liberate the sporozoites. The fluid is then 
spread over an area about J inch in diameter with the needle. The slide 
is then allowed to dry, or before drying it is dropped film-side down into 
a fixative as described above. The dried films stained by Romano wsky 
stain give very beautiful pictures of the sporozoites (Plate XI., p. 916). 
For the details of their structure the wet fixation is necessary. 

To obtain the stomach or mid-gut, the body of the mosquito from which 
the head has been removed can be employed. It is placed in a drop of 
saline, and with the point of a needle the edge of the chitin on the dorsal 
and ventral side of the abdomen near its posterior end is cut, care being 
taken not to incise it so deeply that the intestine is severed. The thorax 
is held with one needle while the point of the other is placed on the posterior 
end of the abdomen behind the incisions. Traction is made away from 
the thorax. The posterior portion of the abdomen separates, and the 
unsevered intestine draws with it the stomach, which can be examined 
for oocysts with or without a cover-glass. 

To obtain permanent preparations of the entire stomach, the following 
method has given good results in the writer’s hands: A cover-glass is 
applied to flatten the stomach. The quantity of fluid must be sufficient 
to prevent rupture of the organ. By drawing off the fluid after the cover- 
glass has been placed on the slide, the required degree of flattening can 
be obtained. A very small drop of Schaudinn’s or Bouin’s fluid is then 
placed at the edge of the cover-glass, and a corresponding quantity of saline 
drawn from the opposite side. The process is repeated till, by the change 
in the appearance of the stomach, it can be seen that the fixative has 
gained access to all parts of the organ. It is necessary to avoid the addition 
of a large drop of fixative at any one time, as this will raise the cover-glass 
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and permit the stomach to contract. When fixation is complete, a larger 
quantity of fixative is allowed to run in, so that the cover-glass is raised. 
In many cases the fiattened stomach will be separated from the slide and 
remain attached to the cover-glass as it floats on the surface of the fixative, 
which is allowed to act for another ten or fifteen minutes. The cover-glass 
is then carefully raised and placed in 70 per cent, alcohol, and dealt with as 
a wet fixed film. For staining very dilute acid heemalum gives good results. 

Tsetse Flies. — These flies, as the transmitters of pathogenic trypano- 
somes in Africa, are often dissected. The various structures which make 
up the proboscis, the salivary glands, and the intestine are the parts which 
require examination. 

Two methods of removal of the salivary glands have been used. In the 
one the glands are pressed out of the posterior cut end of the abdomen 
after the intestine has been withdrawn, in the other the glands are drawn 
out of the anterior end of the abdomen before removal of the intestine, 
which can be extracted later. 

Posterior Method . — This method was employed by Bruce and his co- 
workers, and is used by Duke, to whom the writer is indebted for the 
details of the technique to be followed: 

1. Cut off the legs and wings. 

2. Cut off the last two or three abdominal segments. 

3. Place the cut end of the abdomen in contact with the left edge of 
a drop of saline solution on a slide. 

4. Holding the fly with the fingers of the left hand, anchor a portion of 
the protruding viscera with a needle held in the right hand. 

5. By gently jerking the fly and the viscera by movements of the 
left hand and needle, the abdominal contents are withdrawn. 

6. With a hand lens examine the viscera to see if the salivary glands 
have been removed with the intestine. As a rule they will have remained 
in the abdomen, a varying length protruding from the cut end. 

7. If they have remained in the abdomen, they can be pressed out by 
holding the fly with the left hand, placing the needle across the junction 
of the thorax and abdomen, and moving the needle while maintaining 
pressure towards the cut end of the abdomen. 

The glands can then be dissected out from other organs and tissues 
which are removed. A cover-glass is applied, and the gland examined with a 
one-sixth objective. In determining a salivary gland inf ection, great care 
must be taken to exclude free flagellates lying above or below the glands. 
Long trypanosomes are to be looked upon with suspicion in this respect. 

For discovery of trypanosomes in the intestine, it may be cut into 
portions and the contents expressed, 

II. 


85 
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Anterior Method , — This method for removal of the salivary glands is 
one which was elaborated by Lloyd, and has the advantage over the 
posterior method in that the salivary glands are obtained free from 
any adherent fat body or other tissues, while the danger of contamination 
from the intestine is reduced to a minimum, as the only lesion occurs 
in the anterior portion of the oesophagus. Lloyd (1912) and Lloyd and 
Johnson (1924) describe the technique as follows: 

The fly is held firmly in the fingers, and a longitudinal incision is made 
in the median dorsal line of the thorax from the neck to the abdomen. 
The insect is then immersed in normal saline salution, and incisions are 
made along the transverse groove of the thorax from the median incision 
almost to the bases of the legs. The strong muscles in the thorax, which 
run in a longitudinal direction, are also severed. A needle is now placed 
in the anterior end of the longitudinal incision and another in the posterior 
end. A gentle longitudinal pull applied to the fly by these needles causes 
the remainder of the thorax to break across. The alimentary canal 
breaks between the pharynx and proventriculus, while the salivary glands 
are drawn out of the abdomen quite free from fat body, and with only the 
finer twigs of the tracheal system adhering. The remainder of the thorax 
and head are now dissected away to leave a preparation consisting of pro- 
boscis, pharynx, and salivary glands. The intestine can be drawn out from 
the abdomen by the posterior method after removal of the salivary glands. 

For examination of the proboscis for trypanosomes, its various parts 
have to be separated. First the labium is drawn away from the labrum 
and its bulb by placing the points of the needles on the base of the labium 
and bulb respectively. The hypopharynx may remain in the groove of 
the labium, or it may still be within the labrum. In the latter case it must 
be removed from the labrum, and this is again done by pressing on the 
bulb with one needle while with the other the hypopharynx is drawn out. 
The whole of the labrum with its bulb is then cut off. The dissection of the 
proboscis can be carried out after the salivary glands have been withdrawn 
as described above, or a fly may be specially dissected for this purpose. 
In this case the thorax is pierced at the side by one needle so that it can 
be held, while with the other needle the head is drawn off. The thoracic 
portion of the salivary glands will be drawn out. The head is then held 
with one needle while with the other the proboscis is drawn off from the 
head, the drawn-out portion of the salivary glands remaining attached to 
the proboscis. In this way a preparation of the proboscis with the thoracic 
portions of the salivary glands can be obtained very quickly. 

When the labium and hypopharynx have been isolated, they are 
examined for trypanosomes under a cover-glass in saline solution. If it 
be desired to stain the trypanosomes, the cover-glass is removed after adding 
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more saline, and the labium and hypopharynx removed to a small drop of 
fresh serum, in which they are cut with fine needles into eight or ten pieces. 
The serum is then spread and allowed to dry, after which the film can be 
stained. 

The methods of dissection described above for mosquitoes and tsetse 
flies can be adapted to the majority of insects. 

II. SPIROCHiETES. 

The methods adopted for the study of spirochsetes are in many cases 
the same as those described above for the Protozoa. Certain special 
methods have been elaborated, and attention may be directed to some of 
these and to the difficulties which are encountered in the investigation of 
these organisms. 

OBSERVATIONS ON LIVING ORGANISMS. — The study of living spirochsetes 
by transmitted light is very difficult except in the case of Spirochceta 
plicatilis, Cristispira balbianii, and allied forms of large size. For the 
study of the majority of spirochaetes in the living condition dark-ground 
illumination is essential, but, even with its aid, so narrow and transparent 
are the organisms that little information regarding internal structure 
can be obtained. In many cases there is considerable difficulty in distin- 
guishing fibres from true spirochaetes, so that not infrequently these 
structures have been described as living organisms (Fig. 557). Spirochaetes 
can be studied in the fluids in which they occur either in the living con- 
dition, or after being killed by osmic vapour, or by the addition of iodine. 
Sometimes they are rendered more visible by intra vitam staining, which 
may reveal certain irregularities in the structure of the body. It is, 
however, very difficult to decide whether such irregularities represent the 
normal structure of the organism or are the result of degenerative changes. 
It is still more difficult to decide whether granules which occur in the media 
are stages in the development of spirochaetes, as some observers maintain. 

Cultivation.— The methods which are employed for the cultivation of 
spirochaetes have been noted above in the section dealing with these 
organisms. The free-living spirochaetes can be grown in the media in 
which they occur. Those spirochaetes which live in the blood or tissues of 
animals as saprophytes or true parasites will grow in specially prepared 
media, which consist chiefly of diluted blood-serum, hydrocele, or ascitic 
fluid from man or animals. They are used in liquid form or in a semi-solid 
condition produced by the addition of a certain quantity of agar or by 
coagulation at 100° C. Sometimes the presence in each tube of a small piece 
of the fresh kidney or other tissue will enable the more delicate spirochaetes 
to grow. The various species of pathogenic Leptospira are most readily 
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cultivated, and they will thrive in Noguchi’s serum medium or in the semi- 
solid blood-agar medium described above for the cultivation of flagellates. 
The relapsing fever spirochsetes are more difficult to maintain, while the 
organism of syphilis is still more so, though it can be grown indefinitely 
in serum media containing portions of living tissue. 

MAINTENANCE IN LABORATORY ANIMALS.— Various strains of patho- 
genic spirocheetes can be maintained in laboratory animals. The re- 
lapsing fever spirochaetes of man can readily be inoculated to monkeys, 
and often to rats and mice. A strain is often more readily passed into 
rats and mice after it has been inoculated to a monkey. In these animals, 
as in human beings, recovery is the rule, so that it is necessary to inoculate 
a fresh animal from the infected one before the spirochaetes disappear from 
the blood. In the same way the chicken spirochsete {Treponema anserinum 
can be maintained by inoculation of chickens or even canaries. 

The various pathogenic strains of leptospira can also be kept in labora- 
tory animals, particularly guinea-pigs. Inoculation from animal to animal 
is best carried out by inoculating intraperitoneally an emulsion of the 
kidney or liver of an infected animal. From human beings strains can often 
be isolated by inoculating guinea-pigs intraperitoneally with blood taken at 
the commencement of the disease or the centrifuged deposit from urine. 
The naturally occurring rat strains can be obtained by inoculating guinea- 
pigs with emulsions of the kidneys and liver. It may not be possible to 
maintain strains indefinitely in guinea-pigs, as after several passages the 
virulence may be so diminished that infection does not follow inoculation. 
By a combination of the culture method and animal inoculations strains 
can be kept virulent for long periods. If kept in culture alonC; the virulence 
to guinea-pigs may be lost after a number of passages. 

The spirochaetes of syphilis and yaws can be maintained in rabbits by 
inoculation into the testis or cornea. Similarly, the naturally occurring 
form in rabbits {T. cuniciiU) can be handed on from animal to animal. 

The spirillum of rat-bite fever can readily be maintained in mice and 
other laboratory animals by the subcutaneous inoculation of small quanti- 
ties of blood containing the organisms. 

Certain spirochaetes which are transmitted from vertebrate to verte- 
brate by ticks can be maintained in these invertebrates for long periods. 
The individual ticks {Ornithodorus and Argas) are very long-lived, and, once 
infected, retain the infection for the remainder of their lives. Susceptible 
vertebrates can be infected at any time by allowing the ticks to feed on 
them or by injecting them with emulsions of crushed ticks. The clear fluid 
which exudes from the end of a cut leg will often produce infection. 
Furthermore, the infection passes through the egg, so that the offspring 
hatched from eggs laid by infective ticks are themselves infective. 
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PERMANENT PREPARATION OF FIXED AND STAINED SPIROCHiETES.— 

The satisfactory fixation and staining of spirochsetes is more clifiicult 
to accomplish than in the case of Protozoa, and even when carried out 
satisfactorily little of the internal structure can be detected except in the 
case of the larger organisms. In most cases the smaller spirochsetes have 
been studied in dried films, but it has to be remembered that the drying 
process is quite unreliable for giving true pictures of their structure. It 
is quite fallacious to make deductions from the appearance of organisms 
prepared in this way. Dried films are of use for the detection of the 
presence of spirochsetes, and in many cases will enable an identification 
to be made, but beyond this they are of little value (Fig. 542). Before 
any conclusions can be drawn as to their minute structure it is essential 
that the organisms be fixed and stained by methods which have been 
proved to be accurate for cytological work. 

Dried Films. — These are made as described above, and can be stained 
with the various modifications of the Romanowsky stain, especially by the 
prolonged Giemsa method. Strong solutions of methylene blue, carbol 
fuchsin, and other stains will also colour the spirochaetes, but in all cases 
the staining merely colours the body as a whole, though sometimes 
irregularities occur, such as the appearance of granules or bands, but 
there are no means of ascertaining that these are not artificially produced 
by the drying process. 

For the demonstration of spirochsetes various silver nitrate methods 
are employed. The films are soaked in a solution of silver nitrate and 
then placed in a reducing fluid, which causes the deposition of granules of 
silver on the bodies of the spirochsetes. Apart from causing the organisms 
to stand out clearly, and giving some indication of the shape and size of the 
body, and the presence or absence of flagella, the method is of little value 
for cytological details. The one most commonly used is Fontana’s method, 
which is carried out as follows: 

1. The film is made as thin as possible and dried. 

2. The following liquid is then poured on to the film, and renewed 
several times during the course of one or two minutes: 

Glacial acetic acid . . . . . . . . . . 1 part. 

Formol 2 parts. 

Distilled water . . . . . . . . . . 100 ,, 

3. After washing for about half a minute in running water, the film is 
mordanted by pouring on to it the following liquid and warming gently 
over a flame for about half a minute: 

Phenol . . . . . . . . , . . . 1 part. 

Tannin 5 parts. 

Distilled water . . . . lOO ,, 
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4. The film is washed in running water for half a minute and rinsed in 
distilled water. 

5. Ammoniacal silver nitrate solution is poured on the film, which is 
gently warmed for half a minute. The silver nitrate solution is prepared 
by adding carefully with a fine pipette a solution of ammonia to a 0*26 
per cent, solution of silver nitrate in distilled water till the precipitate 
which first forms is completely dissolved. A quantity of a silver nitrate 
solution is then very carefully added with the pipette till the fluid becomes 
opalescent. 

6. The film is then washed, dried, and mounted in Canada balsam. 

Indian Ink Method. — This method, which cannot be regarded as a staining 
method, depends upon the fact that if a thin film of the ink is made 
on a slide and allowed to dry, the ink forms a continuous layer except 
where minute objects occur. If a drop of fluid containing spirochsetes 
be mixed with a drop of ink and a film made, after drying it will be found 
that the spirochsetes are free from the deposit, so that the general shape of 
the body is represented by a clear area in the dark background. The 
method, which is useful for the detection of spirochrotes, affords no informa- 
tion regarding the structure of the organisms apart from the arrangement 
of the spiral turns and shape and size of the body. 

Wet Fixed Films. — It is probable that this method of preparation, which 
is carried out as described above for the Protozoa, gives the most accurate 
picture of the structure of spirocheetes. The films can be fixed in any 
of the fixatives mentioned, but the staining is more difficult to carry 
out. The best methods are probably the long Giemsa method, as described 
for wet fixed films, and the iron hsematoxylin method, which often give 
good results. 

Section Cutting. — The staining of spirochsetes in sections is still more 
difficult to accomplish than in films. Tissues fixed in any of the fixatives 
described above may be stained by the long Giemsa method, which will 
sometimes stain the spirochsetes. The best method, however, for the 
demonstration of spirocha 0 tes in tissues is the silver nitrate method of 
Levaditi, or one of its modifications, which are adaptations of that of Cajal 
for staining nerve fibrils. Levaditi’s method is carried out as follows : 

1. Small pieces of tissue are fixed for twenty-four hours in a 10 per cent, 
solution of formalin. 

2. Transfer to 96 per cent, spirit for twenty-four hours. 

3. Wash in distilled water for a few minutes. 

4. Soak in a 1*6 per cent, solution of silver nitrate for three days at 
a temperature of about 38® C. 
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5. Place in the following reducing fluid for twenty-four hours: 

Pyrogallic acid . . . . . . . . . . 4 grams. 

Formol . . . . . . . . . . . . 5 c.c. 

Distilled water . . . . . . . . . . 100 c.c. 

6. The tissue is then washed in distilled water, dehydrated, cleared, 
and embedded in paraffin in the usual manner. 

Levaditi’s method has been improved by Dobell, whose technique has 
the advantage of eliminating, to a large extent, the staining of the tissues 
by the silver so that the spirochsstes stand out in greater contrast, while 
subsequent staining of the tissues is more satisfactory. 

1. Fix in 10 per cent, solution of formalin for one to three days. 

2. Transfer to 95 per cent, spirit or absolute alcohol for twenty-four 
hours. 

3. Transfer through graded alcohols to distilled water till tissue is free 
from all traces of alcohol. 

4. Soak in 0*25 to 0-6 per cent, solution of silver nitrate for eighteen to 
twenty-four hours in the dark at 37° C. (incubator). 

5. Wash in several changes of distilled water for an hour till washings 
are free from silver nitrate. 

6. Immerse in 0-5 to 1 per cent, solution of hydroquinone in 50 per 
cent, alcohol for eighteen to twenty-four hours at room temperature. 

7. Wash in 70 per cent, alcohol, dehydrate and embed in paraffin in 
usual manner. 

The sections, after fixing on slides, are simply washed in xylol to remove 
the paraffin, and mounted in Canada balsam, or they may be taken into 
water and stained by any of the ordinary stains before mounting. The 
spirochsetes stand out as dark filaments, owing to the deposit upon them 
of silver, as in films stained by Fontana’s method. The method is very 
largely used for the detection of T. pallidum and species of Leptospira in 
tissues (Figs. 552 and 660), and has been applied to the relapsing fever 
spirochsBtes in lice (Fig. 545). 



RULES OF NOMENCLATURE 

Zoological nomenclature in its present form commenced with the 
binomial system published by Linnaeus in the tenth edition of his Systema 
Naturce in 1758. After this, various proposals and regulations were 
drawn up in an attempt to clear away the confusion, but not having 
international recognition, they met with little success. Finally, the 
International Congress of Zoology, held at Cambridge in 1898, set up an 
International Commission on Zoological Nomenclature as a permanent 
body. They issued a Code of Kules, which, together with the Recommenda- 
tions under the Articles, the Appendix to the Code, and the Opinions of 
the Commission given from time to time, control and regulate the whole 
question of the naming of animals. Not infrequently the application of the 
Rules may appear to lead to disorder, as, for instance, when a name which 
has been long in use has to be discarded for one which has been over- 
looked or forgotten. This is, however, of only a temporary nature, while 
the number of instances in which it occurs is negligible when compared 
with the confusion which would inevitably result if no such guiding rules 
were strictly adhered to. For the convenience of those who may not be 
able to have access to the Rules, those published in the Proceedings of 
the Ninth International Congress of Zoology, held at Monaco in 1913, are 
reproduced here. 

INTERNATIONAL RULES OF ZOOLOGICAL NOMENCLATURE. 

RULES AND RECOMMENDATIONS. 

General Considerations. 

ARTICLE I. — Zoological nomenclature is independent of botanical 
nomenclature in the sense that the name of an animal is not to be rejected 
simply because it is identical with the name of a plant. If, however, an 
organism is transferred from the vegetable to the animal kingdom its 
botanical names are to be accepted in zoological nomenclature with their 
original botanical status; and if an organism is transferred from the 
animal to the vegetable kingdom its names retain their zoological status. 

Recommendation. — It is well to avoid introducing into zoology as 
generic names such names as are in use in botany. 

ARTICLE 2. — The scientific designation of animals is uninominal for 
subgenera and all higher groups, binominal for species, and trinominal 
for subspecies. 
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ARTICLE 3. — The scientific names of animals must be words which 
are either Latin or Latinized, or considered and treated as such in case 
they are not of classic origin. 

Family and Subfamily Names. 

ARTICLE 4. — The name of a family is formed by adding the ending 
idae, the name of a subfamily by adding inae, to the stem of the name of 
its type genus. 

ARTICLE 5. — The name of a family or subfamily is to be changed 
when the name of its type genus is changed. 

Generic and Subgeneric Names. 

ARTICLE 6. — Generic and subgeneric names are subject to the same 
rules and recommendations, and from a nomenclatural standpoint they 
are co-ordinate — that is, they are of the same value. 

ARTICLE 7. — A generic name becomes a subgeneric name when the 
genus so named becomes a subgenus, and vice versa. 

ARTICLE 8. — A generic name must consist of a single word, simple 
or compound, written with a capital initial letter, and employed as a 
substantive in the nominative singular. Examples: Cams, Perea, Cera- 
todus, Hymenolepis. 

Recommendation. — Certain biological groups which have been pro- 
posed distinctly as collective groups, not as systematic units, may be 
treated for convenience as if they were genera, but they require no 
type species. Examples; Agamodistomum, Amphistomulum, Agamofilaria, 
Agamomermis, Sparganum. 

Recommendations. — The following words may be taken as generic 
names : 

a) Greek substantives, for which the rules of Latin transcription 
[transliteration (see Appendix F)] should be followed. Examples: 
Ancylus, Amphibola, Aplysia, Pompholyx, Physa, Cylichna. 

b) Compound Greek words, in which the attributive should precede 
the principal word. Examples: Stenogyra, Pleurobranchus, Tylodina, 
Cyclostomum, Sarcocystis, Pelodytes, Hydrophilus, Rhizobius. 

This does not, however, exclude words formed on the model of Hippo- 
potamus — namely, words in which the attributive follows the principal 
word. Examples: Philydrus, Biorhiza. 

c) Latin substantives. Examples: Ancilla, Auricula, Dolium, Harpa, 
Oliva, Adjectives {Prasina) and past participles {Producius) are not 
recommended. 

d) Compound Latin words. Examples: Stiliger, Dolabrifer, Semifusus. 
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e) Greek or Latin derivatives expressing diminution, comparison, 
resemblance, or possession. Examples: Dolium, Doliolum ; Strongylus, 
Eustrongylus ; Limax, Limacella, Limacia, Limacina, Limacites, Lima- 
cula ; Lingula, Lingulella, Lingulepis, Lingulina, Lingulops, Lingulopsis ; 
Neomenia, Proneomenia ; Buteo, Archibuteo ; Gordius, Paragordius, 
Polygordius. 

f) Mythological or heroic names. Examples: Osiris, Venus, Brisinga, 
Velleda, Crimora, If not Latin, these should be given a Latin termination 
[Aegirus, Gdndulia). 

g) Proper names used by the ancients. Examples: Cleopatra, Beli'- 
sarius, Melania, 

h) Modern patronymics, to which is added an ending to denote dedi- 
cation. 

а. Names terminating with a consonant take the ending ius, ia, or 
ium. Examples: Selysius, Lamarckia, Kdllikeria, Miilleria, Stalia, 
Kr^yeria, Ibahezia, 

l3. Names terminating with the vowels e, i, o, u, or y take the ending 
us, a, or um. Examples: Blainvillea, Wyvillea, Cavolinia, Fatioa, Bernaya, 
Quoya, Schulzea, 

y. Names terminating with a take the ending ia. Example: Danaia. 

S. In generic names formed from patronymics, the particles are omitted 
if not coalesced with the name, but the articles are retained. Examples: 
Blainvillea, Benedenia, Chiajea, Lacepedea, Dumerilia. 

б. With patronymics consisting of two words, only one of these is used 
in the formation of a generic name. Examples: Selysius, Targionia, 
Edwardsia, Duthiersia. 

f. The use of proper names in the formation of compound generic 
names is objectionable. Examples: Eugrimmia, Buchiceras, Heromorpha, 
M obiusispongia , 

i) Names of ships, which should be treated the same as mythological 
names [Vega) or as modern patronymics. Examples: Blakea, Hiron- 
dellea, Challengeria. 

j) Barbarous names, that is, words of non-classic origin. Examples: 
Vanikoro, Chilosa. Such words may receive a Latin termination. Ex- 
amples: Yetus, Fossarus. 

k) Words formed by an arbitrary combination of letters. Examples: 
Neda, Clanculus, Salifa, Torix. 

l) Names formed by anagram. Examples: Dacelo, Verlusia, Linospa. 

ARTICLE 9. — If a genus is divided into subgenera, the name of the 
typical subgenus must be the same as the name of the genus (see Art. 25). 

ARTICLE 10. — When it is desired to cite the name of a subgenus, 
this name is to be placed in parentheses between the generic and the 
specific names. Examples: Vanessa IPyrameis) cardui. 
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Specific and Subspecific Names. 

ARTICLE II. — Specific and subspecific names are subject to the same 
rules and recommendations, and from a nomenclatural standpoint they 
are co-ordinate — that is, they are of the same value. 

ARTICLE 12. — A specific name becomes a subspecific name when the 
species so named becomes a subspecies, and vice versa, 

ARTICLE 13. — While specific substantive names derived from 
names of persons may be written with a capital initial letter, all other 
specific names are to be written with a small initial letter. Examples: 
Rhizostoma Cuvieri or Rh, Cuvieri, Francolinus Lucani or F. lucani, 
Hypoderma Diana or H, diana, Laophonte Mohammed or L. mohammed, 
(Estrus ovis, Corvus corax. 

ARTICLE 14. — Specific names are: 

a) Adjectives, which must agree grammatically with the generic name. 
Example: Felis marmorata. 

b) Substantives in the nominative in apposition with the generic name. 
Example: Felis leo. 

c) Substantives in the genitive. Examples: Rosae, sturionis, antillarum, 
galliae, sancti-pauli, sanctae-helenae. 

If the name is given as a dedication to one or several persons, the genitive 
is formed in accordance with the rules of Latin declination in case the 
name was employed and declined in Latin. Examples: Plinii, Aristotelis, 
VictoriSy Antoniiy Elisabethaey Petri (given name). 

If the name is a modern patronymic, the genitive is always formed by 
adding to the exact and complete name an i if the person is a man, or 
an ae if the person is a woman, even if the name has a Latin form; it is 
placed in the plural if the dedication involves several persons of the same 
name. Examples: Cuvieri y Mobiusi, Nuheziy Me/ianae, Sarasinorum, 
Bosi (not Bovis)y Salmoni (not Salmonis). 

Recommendation. — The best specific name is a Latin adjective, 
short, euphonic, and of easy pronunciation. Latinized Greek words or 
barbarous words may, however, be used. Examples: gymnocephalnSy 
echinococcuSy ziczaCy agutiy hoactliy urubitinga. 

It is well to avoid the introduction of the names iypicus and typus as 
new names for species or subspecies, since these names are always liable 
to result in later confusion. 

ARTICLE 15. — The use of compound proper names indicating 
dedication, or of compound words indicating a comparison with a simple 
object, does not form an exception to Art. 2. In these cases the two 
words composing the specific name are written as one word, with or 
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without the hyphen. Examples: Sanctae-catharinae or sanctaecatharinae, 
jan-mayeni or janmayeni, cornu-pastoris or cornupastoris, cor-anguinum 
or coranguinum, cedo-nulli or cedonulU, 

Expressions like rudis planusque are not admissible as specific names. 

ARTICLE i6. — Geographic names are to be given as substantives 
in the genitive, or are to be placed in an adjectival form. Examples: 
sancti-pauli, sanctae-helenae, edwardiensis, diemenensis, magellanicus , 
burdigalensis, vindobonensis. 

Recommendation. — Geographic names used by the Romans or by 
Latin writers of the middle ages are to be adopted in preference to more 
recent forms. Words like bordeausiacus and viennensis are poor, but are 
not to be rejected on this account. 

ARTICLE 17. — If it is desired to cite the subspecific name, such name 
is written immediately following the specific name, without the inter- 
position of any mark of punctuation. Example: Rana esculenta mar- 
morata Hallowell, but not Rana esculenta (marmorata) or Rana marmorata 
Hallowell. 


ARTICLE 18. — The notation of hybrids may be given in several 
ways; in all cases the name of the male parent precedes that of the female 
parent, with or without the sexual signs: 

a) The names of the two parents are united by the sign of multiplica- 
tion (x). Examples: Capra hircus x Ovis aries ? oxid Capra hircusx 
Ovis aries are equally good formulae. 

b) Hybrids may also be cited in form of a fraction, the male parent 


forming the numerator and the female parent the denominator. 

Example: hircus ^ second method is in so far preferable that 

^ Ovis anes ^ 


it permits the citation of the person who first published the hybrid form 

, ^ , Bernicla canadensis ^ , 

as such. Example : - ^ , Rabe. 

Anser cygnoides 

c) The fractional form is also preferable in case one of the parents is 

•x IX u u TT 1 Tetrao tetrix xTetrao urogallus ^ xi. 1 xx 

itself a hybrid. Example: - - n — • In the latter 

Callus gallus 

case, however, the parentheses may be used. Example: [Tetrao tetrix x 
Tetrao urogallus) xGallus gallus, 

d) When the parents of the hybrid are not known as such (parents), 
the hybrid takes provisionally a specific name, the same as if it were a 


In the latter 


true species, namely, as if it were not a hybrid; but the generic name is 
preceded by the sign of multiplication. Example: x Coregonus dolosus 
Fatio. 
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Formation, Derivation, and Orthography of Zoological Names. 

ARTICLE 19. — The original orthography of a name is to be preserved 
unless an error of transcription, a lapsus calami ^ or a typographical error 
is evident. 

Recommendation. — For scientific names it is advisable to use some 
other type than that used for the text. Example: Rana esculenta Linn^, 
1758, lives in Europe. 

ARTICLE 20. — In forming names derived from languages in which 
the Latin alphabet is used, the exact original spelling, including diacritic 
marks, is to be retained. Examples: Selysius, Lamarckia, Kollikeria, 
Miilleria, Stalia, Krpyeria, Ibanezia, Mobiusi, Medici, Czjzeki, spitzber- 
gensis, islandicus, Paraguay ensis, patagonicus, barbadensis, fardensis. 

Recommendations. — The prefixes sub and pseudo should be used only 
with adjectives and substantives, sub with Latin words, pseudo with 
Greek words, and they should not be used in combination with proper 
names. Examples: subviridis, subchelaius, Pseudacanthus, Pseudophis, 
Pseudomys. Words like sub-wilsoni and pseudo-grateloupana are not 
recommended. 

The terminations oides and ides should be used in combination only with 
Greek or Latin substantives; they should not be used in combination with 
proper names. • 

(jeographic and patronymic names from countries which have no 
recognized orthography or which do not use the Latin alphabet should be 
transcribed -into Latin according to the rules adopted by the Geographic 
Society of Paris (See Appendix G). 

In proposing new names based upon personal names, which arc written 
sometimes with a, o, or u, at other times with ae, oe, and ue, it is recom- 
mended that authors adopt ae, oe, and ue. Example : muelleri in preference 
to miilleri. 

Author’s Name. 

ARTICLE 21. — The author of a scientific name is that person who 
first publishes the name in connection with an indication, a definition, or 
a description, unless it is clear from the contents of the publication that 
some other person is responsible for said name and its indication, definition, 
or description. 

ARTICLE 22. — If it is desired to cite the author's name, this should 
follow the scientific name without interposition of any mark of punctua- 
tion; if other citations are desirable (date, sp, w., emend., sensu stricto, 
etc.), these follow after the author's name, but are separated from it by 
a comma or by parenthesis. Examples: Primates Linne, 1758, or Primates 
Linne (1758). 
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Recommendation. — When the name of the author of a scientific name 
is abbreviated, the writer will do well to conform to the list of abbreviations 
published by the Zoological Museum of Berlin. 

ARTICLE 23. — When a species is transferred to another than the 
original genus or the specific name is combined with any other generic 
name than that with which it was originally published, the name of the 
author of the specific name is retained in the notation, but placed in 
parentheses. Examples: Taenia lata Linne, 1758, and Dibothriocephalus 
latus (Linn^, 1758) ; Fasciola hepatica Linne, 1758, and Disioma hepaticum 
(Linne, 1758). 

If it is desired to cite the author of the new combination, his name 
follows the parentheses. Example: Limnatis nilotica (Savigny, 1820) 
Moquin-Tandon, 1826. 

ARTICLE 24. — When a species is divided, the restricted species to 
which the original specific name of the primitive species is attributed may 
receive a notation indicating both the name of the original author and 
the name of the reviser. Example: Taenia solium Linne, partim, Goeze. 


The Law of Priority. 

ARTICLE 25, — The valid name of a genus or species can be only 
that name under which it was first designated on the condition : 

a) That this name was published and accompanied by an indication, 
or a definition, or a description ; and 

h) That the author has applied the principles of binary nomenclature. 

Application of the Law of Priority. 

ARTICLE 26. — The tenth edition of Linne’s Systema Naturae, 1758, 
is the work which inaugurated the consistent general application of the 
binary nomenclature in zoology. The date 1758, therefore, is accepted 
as the starting-point of zoological nomenclature and of the Law of 
Priority. 

ARTICLE 27. — The Law of Priority obtains, and consequently the 
oldest available name is retained: 

a) When any part of an animal is named before the animal itself ; 

h) When any stage in the life-history is named before the adult; 

c) When the two sexes of an animal have been considered as distinct 
species or even as belonging to distinct genera; 

d) When an animal represents a regular succession of dissimilar genera- 
tions which have been considered as belonging to different* species or even 
to different genera. 
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ARTICLE 28. — A genus formed by the union of two or more genera 
or subgenera takes the oldest valid generic or subgeneric name of its 
components. If the names are of the same date, that selected by the 
first reviser shall stand. 

The same rule obtains when two or more species or subspecies are 
united to form a single species or subspecies. 

Recommendation. — In absence of any previous revision, the estab- 
lishment of precedence by the following method is recommended: 

a) A generic name accompanied by specification of a type has precedence 
over a name without such specification. If all or none of the genera have 
types specified, that generic name takes precedence the diagnosis of which 
is most pertinent. 

b) A specific name accompanied by both description and figure stands 
in preference to one accompanied only by a diagnosis or only by a figure. 

c) Other things being equal, that name is to be preferred which stands 
first in the publication (page precedence). 

ARTICLE 29. — If a genus is divided into two or more restricted 
genera, its valid name must be retained for one of the restricted genera. 
If a type was originally established for said genus, the generic name is 
retained for the restricted genus containing said type. 

Recommendation. — To facilitate reference, it is recommended that 
when an older species is taken as type of a new genus, its name should be 
actually combined with the new generic name in addition to citing it with 
the old generic name. Example: Gilbertella Eigenmann, 1903, Smith- 
sonian Misc. Coll., V. 45, p. 147, type Gilbertella alata (Steindachner) = 
Anacyrtus alatus Steindachner. 

ARTICLE 30. — The designation of type species of genera shall be 
governed by the following rules (a-g), applied in the following order of 
precedence : 

I. Cases in which the generic type is accepted solely upon the basis of 
the original publication: 

a) When in the original publication of a genus one of the species is 
definitely designated as type, this species shall be accepted as type, 
regardless of any other considerations. (Type by original designation.) 

b) If in the original publication of a genus, typicus or typus is used as a 
new specific name for one of the species, such use shall be construed as 

type by original designation.'' 

c) A genus proposed with a single original species takes that species as 
its type. (Monotypical genera.) 

d) If a genus, without originally designated (see a) or indicated (see b) 
type, contains among its original species one possessing the generic name 
as its specific or subspecific name, either as valid name or synonym, 
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that species or subspecies becomes ipso facto type of the genus. (Type 
by absolute tautonymy.) 

II . Cases in which the generic type is accepted not solely upon basis of 
the original publication : 

e) The following species are excluded from consideration in determining 
the types of genera: 

a. Species which were not included under the generic name at the time 
of its original publication. 

0 . Species which were species inquirendae from the standpoint of the 
author of the generic name at the time of its publication. 

7. Species which the author of the genus doubtfully referred to it. 

/) In case a generic name without originally designated type is 
proposed as a substitute for another generic name, with or without 
type, the type of either, when established, becomes ipso facto type 
of other. 

g) If an author, in publishing a genus with more than one valid species, 
fails to designate (see a) or to indicate (see b, d) its type, any subsequent 
author may select the type, and such designation is not subject to change. 
(Type by subsequent designation.) 

The meaning of the expression select the type is to be rigidly con- 
strued. Mention of a species as an illustration or example of a genus 
does not constitute a selection of a type. 

III. Recommendations. — In selecting types by subsequent designa- 
tion, authors will do well to govern themselves by the following recom- 
mendations : 

h) In case of Linnaean genera, select as type the most common or the 
medicinal species. (Linnaean rule, 1751). 

i) If a genus, without designated type, contains among its original 
species one possessing as a specific or subspecific name, either as valid 
name or synonym, a name which is virtually the same as the generic name, 
or of the same origin or same meaning, preference should be shown to that 
species in designating the type, unless such preference is strongly contra- 
indicated by other factors. (Type by virtual tautonymy.) Examples: 
Bos tatirus, Eqmis caballus, Ovis aries, Scomber scombrus, Sphaerostoma 
globiporum ; contra-indicated in Dipetalonema (compare species Filaria 
dipetala, of which only one sex was described, based upon one specimen and 
not studied in detail). 

]) If the genus contains both exotic and non-exotic species from the 
standpoint of the original author, the type should be selected from the 
non-exotic species. 

k) If some of the original species have later been classified in other 
genera, preference should be shown to the species still remaining in the 
original genus. (Type by elimination.) 
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l ) Species based upon sexually mature specimens should take precedence 
over species based upon larval or immature forms. 

m) Show preference to species bearing the name communis, vulgaris, 
medicinalis or officinalis, 

n) Show preference to the best described, best figured, best known, or 
most easily obtainable species, or to one of which a type specimen can be 
obtained. 

o) Show preference to a species which belongs to a group containing as 
large a number of the species as possible. (De Candolle's rule.) 

p) In parasitic genera, select, if possible, a species which occurs in the 
man or some food animal, or in some very common and widespread host 
species. 

q) All other things being equal, show preference to a species which the 
author of the genus actually studied at or before the time he proposed the 
genus. 

r) In case of writers who habitually placed a certain leading or typical 
species first as '' chef de file," the others being described by comparative 
reference to this, this fact should be considered in the choice of the type 
species. 

s) In case of those authors who have adopted the " first species rule " 
in fixing generic types, the first species named by them should be taken as 
types of their genera. 

/) All other things being equal, page precedence should obtain in 
selecting a type. 

ARTICLE 31. — The division of a species into two or more restricted 
species is subject to the same rules as the division of a genus. But a 
specific name which undoubtedly rests upon an error of identification 
cannot be retained for the misdetermined species even if the species in 
question are afterwards placed in different genera. Example: Taenia 
pectinata Goeze, iy^2=Cittotaenia pectinata (Goeze), but the species 
erroneously determined by Zeder, 1800, as " Taenia pectinata Goeze " = 
Andrya rhopalocephala (Rehm); the latter species does not take the name 
Andrya pectinata (Zeder). 


Rejection of Names. 

ARTICLE 32. — A generic or a specific name, once published, cannot 
be rejected, even by its author, because of inappropriateness. Examples: 
Names like Polyodon, A pus, albus, etc., when once published, are not to 
be rejected because of a claim that they indicate characters contradictory 
to those possessed by the animals in question. 

ARTICLE 33. — A name is not to be rejected because of tautonymy — 
that is, because the specific or the specific and subspecific names are 
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identical with the generic name. Examples: Trutta trutta, Apus apus 
apus. 

ARTICLE 34. — A generic name is to be rejected as a homonym when 
it has previously been used for some other genus of animals. Example: 
Trichina Owen, 1835, nematode, is rejected as homonym of Trichina 
Meigen, 1830, insect. 

ARTICLE 35. — A specific name is to be rejected as a homonym 
when it has previously been used for some other species of the same genus. 
Examples: Taenia ovilla Rivolta, 1878 (n. sp.) is rejected as homonym 
of r. ovilla Gmelin, 1790. 

When in consequence of the union of two genera, two different animals 
having the same specific or subspecific name are brought into one genus, 
the more recent specific or subspecific name is to be rejected as a homonym. 

Specific names of the same origin and meaning shall be considered 
homonyms if they are distinguished from each other only by the following 
differences: 

a) The use of ae, oe, and e, as caeruleus, coeruleus, ceruleus ; ei, i, and 
y, as chiropus, cheiropus ; c and k, as microdon, mikrodon. 

b) The aspiration or non-aspiration of a consonant, as oxyryncus, 
oxyrhynchus, 

c) The presence or absence of a c before t, as autumnalis, anctumnalis, 

d) By a single or double consonant : litoralis, littoralis. 

e) By the endings ensis and iensis to a geographical name, as timorensis, 
timoriensis, 

ARTICLE 36. — Rejected homonyms can never be again used. 
Rejected synonyms can again be used in case of the restoration of erro- 
neously suppressed groups. Example: Taenia Giardi Moniez, 1879, was 
suppressed as a synonym of Taenia ovilla Rivolta, 1878 ; later it was dis- 
covered that Taenia ovilla was preoccupied {Taenia ovilla Gmelin, 1790). 
Taenia ovilla, 1878, is suppressed as a homonym, and can never again be 
used ; it was stillborn and cannot be brought to life, even when the species 
is placed in another genus {Thysanosoma). Taenia Giardi, 1879, which 
was suppressed as a synonym, becomes valid upon the suppression of the 
homonym Taenia ovilla Rivolta. 

Recommendations. — It is well to avoid the introduction of new 
generic names which differ from generic names already in use only in 
termination or in a slight variation in spelling which might lead to con- 
fusion. But when once introduced, such names are not to be rejected on 
this account. Examples: Picus, Pica; Polyodus, Polyodcn, Polyodonta, 
Polyodontas, Polyodontus, 

The same recommendation applies to new specific names in any given 
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genus. Examples: necator, necatrix ; furcigera, furcifera ; rhopalocephala, 
rhopaliocephala . 

If from the radical of a geographic name two or more adjectives are 
derived, it is not advisable to use more than one of them as specific name 
in the same genus, but if once introduced, they are not to be rejected on 
this account. Examples: hispanus, hispanicus ; moluccensis, moluccanus; 
sinensis, sinicus, chinensis ; ceylonicus, zeylanicus. 

The same recommendation applies also to other words derived from 
the same radical and differing from each other only in termination or by 
a simple change in spelling. 


APPENDIX. 

A. — It is very desirable that the proposition of every new systematic 
group should be accompanied by a diagnosis, both individual and differen- 
tial, of said group in English, French, German, Italian, or Latin. This 
diagnosis should state in what museum the type specimen has been 
deposited, and should give the museum number of said specimen. 

It is recommended that in published descriptions of a new species or 
new subspecies, only one specimen be designated and labelled as type, the 
other specimens examined by the author at the same time being para- 
types, 

B. — In publications issued in any other language than English, French, 
German, Italian, or Latin, it is very desirable that the explanation of 
figures be translated into one of these tongues. 

C. — The metric system of weights and measures and the centigrade 
thermometer of Celsius are adopted as "Standard. The micron (o*ooi mm.), 
represented by the Greek letter fi, is adopted as the unit of measure in 
microscopic work. 

D. — The indication of enlargement or of reduction, which is very 
desirable for the comprehension of an illustration, should be expressed in 
figures rather than by mentioning the system of lenses used. 

E. — The indication of enlargement or reduction of an object is usually 
linear. The sign of multiplication is used for enlargement, and the 
fraction for reduction. Examples: x 50 indicates that the object is en- 
larged 50 times; ^ indicates that it is reduced to gV^h. 

If it is desired to specify that the enlargement is linear, surface, or mass, 
this may be done as follows: x 50^ indicates linear enlargement; x 5^^ 
indicates surface enlargement; xso® indicates mass enlargement. 
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F. — Transliteration of Greek Words. — The following table indicates the 
manner in which Greek words should be transliterated: 


€ = e (voAcos) — Hyalea, not Hyalaea 
7J = e (netfyiivrj) — Pirena, not Pirina 

final 17 == a (wctpijn?) — Pirena, not Pirene 

th (njdvs) — Tethys, not Tetys 

1= i (PaXios) — Balia, wof Balea 
K= c (ImroKp^vri) — Hippocrena, not Hippochrenes 
{ = AT l(ivos) — Xenus, Xenophora 
p = y (wrepov) — Pterum 
v~ y (vp 6 s) — Hybolithus, not Hibolites 
ai ~ ae (Xipvaibs) — Limnaea, not Limnea 

au = au (yXavKos) — Glaucus 

et = i (x^iXos) — Chilostomum, not Cheilostoma 

€v = eu (e^pos) — Eurus 

q), 01 = oe (oUeoj) — Dioeca, Dendroeca, not Dioica, Dendroica 

final 01/ == um (eijuTnriov) — Ephippium, not Ephippion 

final os = us (6pxl>aX6s) — Euomphalus, not Euomphalos 

ov= u (Aounjpiov) — Luterium, not Lotorium 
yy — ng (dyyapela) — Angaria 

= nch (dyxKrrapov) — Anchistomum, not Angistoma 
yK — nc [dvKUjrpov) — Ancistrodon, not Agkistrodon 
p = rh (pea) — Rhea 


€ = he (ipfLoia) — Hermaea, not Ermaea 


G. — Transcription of geographic and proper names. — The geographic 
names of nations which employ the Latin characters are to be written 
with the orthography of the country in which they originate. 

The following paragraphs apply only to the geographic names of countries 
which have no true alphabet or which use letters that are different from 
the Latin alphabet. 

Names of places, however, which have been established by long usage 
preserve their usual orthography. Examples: Alger, Moscow. 

1. The vowels a, e, i, and 0 are pronounced as in French, Italian, 
Spanish, or German. The letter e is never mute. 

2. The French sound u is represented by ii, with dieresis, as in German. 

3. The French sound ou is represented by u, as in Italian, Spanish, 
German, etc. 

4. The French sound eu is represented by ce, pronounced as in the 
French word ceil. 

5. The long sound of a vowel is indicated by circumflex accent; the 
interrupted sound is indicated by an apostrophe. 

6. The consonants b, d, /, j, k, I, m, n, p, q, r, t, v, and z are pronounced 
as in French. 

7. The letters g and s always have the hard sound, as in the French 
words gamelle and sir op. 

8. The sound represented in French by ch is designated by sh. 
Examples: Sherif, Kashgar. 
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9. Kh represents the harsh guttural; gh represents the soft guttural of 
the Arabs. 

10. Th represents the sound which terminates the English word path 
{0 in Greek). Dh represents the sound which commences with the English 
word those (B in Greek). 

11. Aside from such employment (9, 10) of the letter h modifying the 
letter which precedes it, h is always aspirated; the apostrophe is therefore 
never used before a word commencing with h. 

12. The semivowel represented by y is pronounced as in yole. 

13. The semivowel w is pronounced as in the English word William. 

14. The double sounds dj, tch, ts, etc., are indicated by letters repre- 
senting the sounds which compose them. Example: Matshim. 

15. The n is pronounced gn, as in seigneur. 

16. The letters x, c, and q are not used, since they are duplicates of other 
letters representing the same sounds ; but q may serve to indicate the Arabic 
qaf, and the soft aspirate may be used to represent the Arabic ain. 

An attempt should be made to indicate as exactly as possible, by means 
of the letters given above, the local pronunciation without trying to give 
a complete representation of all the sounds which are heard. 




PART V 

BLOOD PARASITES OF VERTEBRATES AND 
TRYPANOSOMID^E OF INVERTEBRATES 




BLOOD PARASITES OF VERTEBRATES AND 
TRYPANOSOMID^ OF INVERTEBRATES 

The following lists of hosts are divided into two sections. The first 
contains the vertebrate hosts of blood parasites and the second the inverte- 
brate hosts of Trypanosomidae belonging to the genera Leptomoms, 
Crithidia, and Herpetomonas. In many cases the recorded host name does 
not appear to be the correct one, and in such cases it is placed in brackets, 
the correct name being given without brackets. The parasites occurring 
in any host are given under the host name used by the recorder, so that in 
cases where correct and incorrect names are found reference to both will 
have to be made for the complete list of parasites. In all cases the name 
of the recorder, the year, and locality have been given. 

I. VERTEBRATE HOSTS OF BLOOD PARASITES. 

The following abbreviations are used : B. =Ba6ma ; H. — Hoevioproiens ; 
Hg. — HoBinogregarim ; Hp. —Hepalozoon ; L. =Leucocytozoon ; P. =Plas- 
modium ; T. = Trypanosoma ; Tp. — Trypunoplasma ; Tx. = Toxoplasma . 
It is necessary to point out that the records under the name of Plimmer 
refer to animals which had died in the Zoological Society’s Gardens in 
London. Similarly, those marked Z.S., 1925, refer to a series of blood- 
films made from animals which had died in the Zoological Gardens by 
Dr. H. H. Scotc, Pathologist to the Zoological Society, and which were 
examined by him and the writer. The records, which occur in Dr. Scott’s 
reports, will probably be published in the Proceedings of the Zoological 
Society during 1926. 

In many cases there has been considerable difficulty in the identification 
of the hosts from the names given by recorders, and in some cases this has 
been quite impossible. Much assistance has been given by specialists 
at the British Museum (National History) who have enabled the names 
to be checked from their lists of Mammalia, those of birds based on 
R. Bowdler Sharpe’s Hand List of the Genera and Species of Birds, those 
of the Reptilia and Amphibia based on Boulenger’s Catalogue, and those 
of fish based on Gunther’s Catalogue. 
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MAMMALIA. 

Acomys sp. (spiny mouse): T. acomys, Wenyon, 1909, Sudan. 

^pyceros melampus (mpala): T. hrucei, Kinghom and Yorke, 1912, Rhodesia. 
T, eongolense, Bruce et al., 1914, Nyasaland; Kingliorn and Yorke, 1912, 
Rhodesia. T, capras, Bruce et aL, 1914, Nyasaland. B, sp., Ross, P. H., 1911, 
East Africa. 

^thechinus algirus =(£rinaceus algirus). 

Akodon fuliginosus (vole mouse): T. akodoni, Carini and Maciel, 1915, Brazil. 
Hp, dkodoniy Carini and Maciel, 1915, Brazil. 

Alouatta senicula =(Mycetes seniculus) (howling monkey): T, sp., Brimont, 1909, 
Guiana. 

Alouatta ursina =(Mycetes ursinus). 

Anomalurus fraseri (spiny- tailed flying squirrel): T. deny 8% Rodhain, Pons, Vanden- 
hranden and Bequaert, 1912, Congo. 

(Anthropopithecus gorilla) = Gorilla gorilla (gorilla): T. lewiai var. primatum, Reiche- 
now, 1917, 1920, Cameroons. P. vivax, Reich enow, 1920, Cameroons. P. 
falciparum, Reichenow, 1920, Cameroons. 

Anthropopithecus troglodytes (chimpanzee): P. lewisi var. primatum, Reichenow, 
1917, 1920, Cameroons; Ziemann, 1902, Cameroons. P. kochi, Liihe, 1906, 
Cameroons. P. falciparum, Reichenow, 1920, Cameroons. P. vivax, Reichenow, 
1920, Cameroons. P. malarice, 'Reichenow, 1920, Cameroons. P. sp. (^) falci- 
parum, Blacklock and Adler, 1922, Sierra Leone; Adler, 1923, Sierra Leone. 

Apodemus agrarius ==(Mus agrarius). 

Apodemus sylvaticus — (Mus sylvaticus). 

(Arctomysmarmota) —Marmota marmota (marmot) : Hp, plicata marmotm, Martoglio, 
1913, Somaliland. 

Arlibeus perspicillatus -Phyllostoma perspicillatum. 

(Arvicanthis barbarus pulchellus) ==Leniniscomys barbarus pulchellus (striped mouse) : 
T. arvicanthi, Delanoc, 1915, West Africa. 

(Arvicanthis pumilio) =Rhabdoniys pumilio (striped mouse): T. arvicanthi, Delanoe, 
1915, West Africa; T, lewisi, Fantham, 1920, South Africa. 

(Arvicanthis zebra) =Lemniscomys zebra (striped mouse): T. avicularis, Wenyon, 
1909, Sudan. P. avicularis, Wenyon, 1909, Sudan. 

Arvicola amphibius (Microtus amphibius). 

Arvicola arvalis = (Microtus arvalis) (field vole): Hg. arvalis, Martoglio, 1913, Somali- 
land. 

Ateles pentadactylus (spider monkey): T. lesourdi, Leger and Porry, 1918, French 
Guiana. 

Ateles sp. (spider monkey) :P. sp., Scidelin, 1912, Yucatan. 

Atlantoxerus getulus (Barbary ground squirrel): lip, getulum, Sergent, 1921, North 
Africa. 

Axis axis — (Cervus axis). 

Bear (Ursus 8p.):P., Yakimoff, Kohl-Yakimoff and Korssak, 1910, Russia. 

Bos brachycerus (Angola buffalo): P. hrachyceri, de Mello and Rebello, 1923, Angola. 

Boselaphus tragocamelus (nylghai): P. sp., Lichtenheld, 1910, East Africa. 

(Brachyruus calva) =Ouakaria calva (ouakari monkey). P. hrasilianum and T. 
prowazeki, Gonder and Berenberg-Gossler, 1908, South America. 

Bradypus tridactylus (three-toed sloth): P. hrimonti, Leger and Mouzels, 1917, 
French Guiana. 

Bubalis cokei : P. sp., Ross, P. H., 1911, East Africa. 

Bubalis lichtensteini (hartebeest): T. hrucei, Bruce et al., 1913, Nyasaland; Taute, 
1913, Tanganyika; Kinghorn and Yorke, 1912, Rhodesia. T. congolense, Bruce 
et ah, 1913, Nyasaland; Kleine and Fischer, 1911, East Africa. T. sp., Mont- 
gomery and Kinghorn, 1908, Rhodesia. 
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Buffalo (Bubalus) : T, evansi, Lingard, 1899, India; Penning, 1899, Java. T. hruceiy 
Bruce et ah, 1895, Zululand. T. congolense, Bruce et aL, 1913, Nyasaland; 
Duke, 1913, Uganda. T. vivax, Duke, 1913, Uganda. T, uniforme, Duke, 1913, 
Uganda. P. hubalis, Sheather, 1919, India. B, huffeli, Neveu-Lemaire, 1912, Asia. 
Cabassous unicinctus -(Dasypus unicinctus). 

Callithrix jacchus = Hapale jacchus ; T., Z. S., 1925, Brazil. 

Callithrix penicillata— Hapale penicillata ; P. minasense, Dios, Zuccarini and 
Werngren, 1925, Paraguay. 

Callosciurus vittatus =(Sciurus vittatus). 

Camel (Camelus) : T, evansi, Evans, 1880, India. T. evansi var. mhori, Cazalbou, 
1903, Senegal. T, sudanense, Sergent, 1904, Algeria. T. herherum, Sergent 
and Lh6ritier, 1912, Algeria. P. peeaudi ( hrucei), Balfour, 1909, Sudan; 
Wenyon, 1909, Sudan. P. congolense, Broden, 1906, Congo. B, camelensis, 
Yakimoff, Schokhor and Koselkine, 1917, Turkestan. 

Canis adustus (jackal): B. rossi, Nuttall, 1910, Africa. Hp. canis adusti, Nuttall, 
1910, Africa; Yakimoff, 1911, Tunis. 

Canis aureus (jackal): P. gibsoni, Patton, 1910, India. Hp, rotundata, Patton, 1910, 
India. 

Cat (Felis) ; T. brueei, Bruce, 1895, Zululand. T. cruzi, Chagas, 1909, Brazil. Hp. 
felis domestici, Patton, 1908, India. Leishmania donovani, Sergent, Lombard 
and Quilichini, 1912, Algiers and ? Pittaluga, 1925, Spain. 

(Catoblepas gnu) ==Connochaetes gnu (wildebeeste): T. brueei, Bruce et aL, 1897, 
Zululand. T. sp.. Week, 1914, East Africa. 

(Cavia cobaia) =^Cavia porcellus (guinea-pig): T. sp., Kunstler, 1883 (?). Tx. cavice, 
Carini and Migliano, 1916, Brazil. 

Cavia porcellus = (Cavia cobaia). 

Cephalophus grimmi (duiker): T. brueei, Bruce et aL, 1913, Nyasaland; Taute, 1913, 
Tanganyika. T. vivax, Kinghorn and Yorke, 1912, Rhodesia. T. congolense, 
Kinghorn and Yorke, 1912, Rhodesia. T. ingens, Bruce et aL, 1912, Uganda; 
Rodhain, Pons, Vandenbranden and Bequaert, 1912, Belgian Congo. T. 
cephalophi, Bruce et aL, 1913, Nyasaland. T. iheileri, Rodhain, Pons, Vanden- 
branden and Bequaert, 1912, Belgian Congo. B. sp., Bettencourt and Borges. 

1909, Africa. P. sp., Bruce et aL, 1915, Nyasaland. 

Cercocebus aethiopicus (mangabey): P. koehi, Plimmer, 1916, Africa. 

Cercocebus sp. (mangabey): P. Icochi, Koch, 1906, Africa. 

Cercopithecus albogularis : P. koehi, Sergent, 1908, Africa. 

Cercopithecus callitrichus : P. koehi, Joyeux, 1913, French G-uinea. 

Cercopithecus cephus : T. lewisi var. primatum, Reichenow, 1917, Cameroons. 

P. koehi, Ringenbach, 1914, Africa. 

Cercopithecus erythrotis : P. koehi, Z.S., 1925, Gold Coast. 

Cercopithecus fuliginosus : P. koehi, Gonder and Berenberg-Gossler, 1908, Africa. 
Cercopithecus mona : P., Seidelin and Connal, 1914, West Africa. 

Cercopithecus pyger 3 rthrus : T. gambiense, Bruce et al., 1911, Uganda, i^ koehi, 
Kinghorn and Yorke, 1912, Rhodesia. 

Cercopithecus sabseus :P. koehi, Laveran, 1899, Africa; Martoglio, Sella and Carpano, 

1910, Africa; Plimmer, 1912, West Africa. 

Cercopithecus schmidti: T. sp., Dutton, Todd and Tobey, 1906, Belgian Congo. 
Cercopithecus sp,: T. gambiense, Koch, 1909, Uganda. T. sp., Kudicke, 1906, 
(>ongo. P. koehi, Koch, 1906, Africa; Bruce and Nabarro, 1 903, Africa; Dutton, 
Todd and Tobey, 1906, Africa; Ross, 1911, East Africa. B. pitheei, Ross, 1905, 
Uganda. 

Cervicapra arundinum (reed buck): T. theileri, Kleine and Fischer, 1911, Tanganyika. 
T. brueei, Bruce et al., 1903, Zululand; Bruce et al., 1913, Nyasaland; Taute, 
1913, East Africa. T. congolense, Bruce et al., 1913, Nyasaland; Kleine and 
Fischer, 1911, East Africa. T. ingens, Bruce. 1909. Uganda; Bruce et al., 
1913, Nyasaland. T. capree, Bruce, 1913, Nyasaland. T. vivax, Connal, 
1917, West Africa; Simpson, 1918, West Africa. T. cazalboui (—T. vivax), 
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Bodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo. T. sp., 
Kleine and Fischer, 1911, Tanganyika; Week, 1914, East Africa. Kg, (leuco- 
cytic), Fantham, 1921, South Africa. 

Cervulus muntjac (muntjac): B, sp., Schein, 1923, Annam. 

(Cervus aristotelis) ==Rusa rusa (sambhar): B, sp., Denier, 1907, Annam. 

(Cervus axis) =Axis axis (spotted deer): B. sp., Patton, 1910, India. 

(Cervus dama)~Dama dama (fallow deer): B. cervi (Theileria cervus) Bettencourt, 
Franca and Borges, 1907, Portugal = Theileria damce Bettencourt and Borges, 
1909. 

Cervus sika ; B. dama, Ono and Kondo, 1923, Japan. 

Choloepus didactylus (two-toed sloth): T, sp., Mesnil and Brimont, 1908, (ruiana, 
Bndotrypanum schaudinni, Mesnil and Brimont, 1908, G-uiana; Darling, 1914, 
Panama; Labernadie and Hubac, 1923, Gruiana; Z.S., 1925, Brazil. 

Chrysothrix sciureus ; T. cruzi, Chagas, 1909, 1924, Brazil. 

Citellus beecheyi — (Otospermophilus beecheyi). 

Citellus eversmanni =(SpermophiIus eversmanni). 

Citellus guttatus = (Spermophilus guttatus). 

Citellus musicus = (Spermophilus musicus). 

Citellus richardsoni (ground squirrel): T. citelli, Watson, 1912, Canada. 

Cobus defassa (water buck): B. sp., Eodhain, 1916, Belgian Congo. 

Cobus ellipsiprymnus (water buck): T, brucei, Bruce et al, 1913, Nyasaland; Kleine 
and Fischer, 1911, East Africa; Kinghom and Yorke, 1912, Nyasaland; Stohr, 
1913, Bhodesia; Taute, 1913, Tanganyika; Duke, 1913, Uganda. T. vivax, 
Kleine and Fischer, 1911, Tanganyika; Kinghorn and Yorke, 1912, Bhodesia; 
Duke, 1913, Uganda; Johnson, 1920, West Africa. T, congolense, Bruce et al., 
1913, Nyasaland; Kinghorn and Yorke, 1912, Bhodesia. T. caprw, Bruce et aL, 

1913, Nyasaland. T, uniforme, Duke, 1913, Uganda; T. ingens, Bruce et al., 

1914, Nyasaland. T. sp., Kleine and Fischer, 1911, Tanganyika; Week, 1914, 
East Africa. 

Cobus vardoni (puku): T. vivax, Kinghorn and Yorke, 1912, Bhodesia. T, ingens, 
Bodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian. Congo. T. 
cazalboui ( vivax), Bodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 

Connochaetes gnu ~ (Catoblepas gnu). 

(Cricatellus phocus) ^Cricetulus migratorius (little hamster): T. sp., Finklestein, 
1907, Caucasus. ^ 

Cricetomys gambianus (giant Ta,t):B. sp., Bruce et al, 1915, Nyasaland. lip, sp., 
Bodhain, 1915, Belgian Congo. 

Cricelulus griseus (striped hamster): T, and Leishmania donovani. Young and 
Hertig, 1926, North China. 

Cricetulus migratorius — (Cricatellus phocus). 

Cricetus cricetus =(Cricetus frumentarius). 

(Cric<^us frumentarius) —Cricetus cricetus (common hamster): T, rabinowitscM 
Bmmpt, 1906, France; Wittich, 1851, Germany; Koch, 1881, Germany; 

1 1888, and DudSenko, 1913, Russia; Rabinowitsch and Kempner, 

1899, Germany; Wasielewski, 1908, Germany; Noller, 1912, Germany. Bp. 
cnceU, Noller, 1912, Austria. » J 

Crocidura russula (shrew): T. crocidurm, Brumpt, 1923, France. 

Crocuta crocuta = (Hyaena crocuta). 

Cryptoprocta ferox (fossa): Tx. sp., Plimmer, 1915, Madagascar. 

Ctenodactylus gundi (gundi): B. quadrigemina, Nicolle, 1907, Tunis. Tx. qondii, 
Nicollc and Manceaux, 1908, 1909, and NiooUe and Conor, 1913, Tunis. 
(Cynocephalus sp.)=Papio sp. (baboon): P. hochi, Koch, 1906, Africa. 

Cyon dukhunensis (Indian wild dog): B. sp., Plimmer, 1915, India. Hp. canis, 
Donovan (first record), India. ^ 
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Dama dama =(Cervus dama). 

(Dasypus novemcinctus) =Tatusia novemcincta (armadillo): T, cruzi, Chagas, 1912, 
Brazil; Torres, 1915, Brazil. 

Dasypus sexcinctus (armadillo): T. cruzi, Torres, 1915, Brazil. 

(Dasypus unicinctus) ^Cabassousunicinctus (armadillo): T. cruzi, Torres, 1915, Brazil. 
Dasyurus viverrinus (dasyure): Hp, dasyuri, Welsh and Barling, 1908 and 1910, 
Australia. 

Dendromys sp. (? Insignis) : Hp, sp., Kleine, 1910, Tanganyika. 

Dendromys sp. : T, dendromysi, Bodhain, 1915, Belgian Congo. 

(Didelphys didelphys aurita) =Didelphys marsupialis (opossum): Hp. didelphydis, 
d’Utra and Arantes, 1916, Brazil. 

Didelphys marsupialis = (Didelphys didelphys aurita). 

Dog (Canis familiaris) : T. gamhiense. Gray and Tulloch, 1907, Uganda; Kopke, 
1908, Isle of Principe; Koch, 1909, Uganda. T, brucei, Bruce et ah, 1915, 
Nyasaland. T. pecaudi ( =T. brucei), Bouet, 1908, Senegal. T. congolense, 
Martin, Leboeuf and Boubaud, 1908, Congo. T. dimorphon, Martin, 1906, 
Congo. T, cazalboui ( = T, vivax), Bodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. T, evansi, Lingard, 1894, India. T. anna- 
mense, Blin, 1902, Tonkin. T. venezuelense, Bangel, 1905, Venezuela. T, 
morocanum, Delanoe, 1920, Algeria. T. montgomeryi, Kinghorn and Yorke, 

1912, Bhodesia. 

Leishmania donovani, Nicolle and Comte, 1908, Tunis; YakimofE, 1911, 
Tunis; Sergent, 1910, Algeria; Basile, 1910, Sicily; Pulvirenti, 1911, Sicily; 
Jemma, 1912, Sicily; Lignos, 1912, Isle of Hydra; Cardamatis, 1911, Greece; 
Alvarez and da Silva, 1910, Portugal; Dschunkowsky and Luhs, 1909, Trans- 
caspia; Criticn, 1911, Malta; Delanoe and Denis, 1919, Morocco; Martinez, 

1914, Spain; Lafont and Heckenroth, 1915, Senegal; Yakimoff and Schokhor, 

1915, Turkestan; (^astellani, 1913, Ceylon (?). Leishmania tropica, Neligan, 

1913, Teheran; Yakimoff and Schokhor, 1914, Turkestan; Gachet, 1915, 
Turkestan. 

B. canis, Piana and Galli- Valerio, 1895, Europe. B. gibsoni, Patton, 1910, 
India. B. vitalli, Pestaiia, 1910, Brazil. Tx, canis, Mello, 1910, Europe; 
Carini, 1911, Brazil; Yakimoff, 1911, Germany; Carini and Maciel, 1913, 
Brazil; Blanc, 1917, Tunis; Federovitch, 1916, Black Sea; Boez, 1921, Stras- 
burg; Donovan (first record), India. 

Hp. canis, Bentley and James, 1905, India; Gerrard and Wenyon, 1906, 
Malaya; Christophers, 1907, India; AVenyon, 19JI, Bagdad; Leboeuf and 
Boubaud, 1910, West Africa; Yakimoff, 1911, Tunis; Yakimoff and Schokhor, 
1917, Turkestan; Leger, 1912, Corsica; Basile, 1 91 J , Italy; Sergent and Sencvet, 
1912, Algeria; Mathis and Leger, 1909, Tonkin; Martoglio, 1913, Eritrea; Prin- 
gault, 1920, France. Hp. rotundata var. familiaris, Martoglio, 1913, Eritrea. 
P. canis, Castellani and Chalmers, 1 908, Ceylon. 

Donkey (Equus asinus ?): T. evansi, Evans, 1880, India. T. sudanense, Boger and 
Greffulhe, 1905, North Africa. T. venezuelense, Tejera, 1920, Venezuela. 
T. brucei, Bruce et ah 1895, Zululand. T. togolense, Schilhng, 1901, Togoland. 
T. pecaudi (~T. brucei), Cazalbou, 1910, Senegal. T. congolense, Broden, 
1904, Congo. T. dimorphon ( ~T. congolense f), Martin, 1906, Senegal. T. 
vivax, Hornby, 1919, Bhodesia. T. cazalboui (=^T. vivax), Bouffard, 1907, 
Senegal. T. equiperdum, Schneider and Bouffard, 1899, Algeria. T. equinum. 
Vital, 1907, Brazil. B. asini, Dschunkowsky and Luhs, 1909, Transcaucasia. 
Edible rat (Steatomys edulis ?):B. sp., Bruce et ah, 1915, Nyasaland. 

Elephant (Elephas sp.): T. evansi, Evans, 1880, India; Lingard, 1894, India. T, 
elephantis ( brucei ?), Bruce etah, 1909, Uganda. 

Eliomys quercinus — Myoxus nitela. 

Epomophorus franqueti ; P. sp., Bodhain, 1915, Belgian Congo. 

Epomophorus gambianus ; P. pteropi, Leger, A. and M., 1914, Senegal. 

Eptesicus capensis = ( Vespertilio capensis). 

Eptesicus serotinus = (Vespertilio serotinus). 
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Equus burchelli granti (Burchell's zebra): B, sp., Boss, P. H., 1907, Uganda; Boss, 
P. H., 1911, East Africa; Kudicke, quoted by Ollweg and Manteufel, 1912, 
Africa. 

{Erinaceus algirus) =iEthechinus algirus (hedgehog); B. ninense, YakimofP, 1910, 
Bussia;B. weissi, Galli- Valerio, 1911, Tunis. 

Erinaceus europaeus (hedgehog); B. mticnse, Yakimoff, 1910, Bussia. 

Evotomys saturatus ; T: evotomys, Hadwen, 1912, Canada. 

Feiis leo (lion). 

(Fennecus dorsalis) =Vulpes dorsalis (fox 1): B. hauryi -Nuttallia hauryi, Leger and 
Bddier, 1922,* French Sudan. 

Funambulus palmarum (Sciurus palmarum) (palm squirrel); T, indicnm, Liihe, 
1906, India. 

Funambulus pennantii (? squirrel): Hp. funambuli, Patton, 1906, India. 

(Galago demidoffi) —Hemigalago demidoffi (lemur) ; T., Martin, Leboeuf and Boubaud, 
1909, Congo. 

Gazella grantii: B. stordii, Franca, 1912, Abyssinia. 

Gazella sp. : B. stordii, Carpaiio, 1913, Eritrea. 

Gazella thomsoni : B. sp.. Boss, P. H., 1911, East Africa. 

(Gerbillus indicus) “Tatera indica (Indian gerbil): Hp, gerhilli, Christophers, 1905, 
India. 

Giraffe (Giraffa) : llg, (leucocytic), Fantham, 1919, South Africa. 

Goat (Capra hircus ?) : T. hrucei, Bruce et al., 1915, Nyasaland. T, pecaudi ( —T, 
brucei), Pecaud, 1909, Senegal. T, congolense, Martin, Leboiuf and Boubaud, 
1909, Congo. T. dimorphon (—T, congolense ?), Martin, 1906, Congo. T, 
caprcBf Kleinc, 1910, East Africa; Fehlandt, 1911, East Africa; Kloine and 
Taute, 1911, East Africa; Bruce et al., 1914, Nyasaland. T. vivax, Zieniann, 
1905, Cameroons ; T, cazalboui ( = T. vivax), Bouet, 1 908, Senegal. T, gambiense, 
Kleine and Eckard, 1913, Central Africa. B. hirciy Dschunkowsky and Luhs, 
1909, Transcaucasia. Theileria Mrci, Dschunkowsky and Urodsclievich, 1924, 
Serbia, and Lestoquard, 1924, Algeria. Leishmania caprae (?)» Curson, 1926, 
S. Africa (verbal communication). 

Golunda campanae (jerboa rat): B. campance, Leger and B6dier, 1923, Senegal. 

Gorilla gorilla = (Anthropopithecus gorilla). 

Hapale jacchus (marmoset): T. minaseme, Chagas, 1908, 1909, Brazil. 

Hapale penicillata (marmoset): T. minasense, Chagas, 1909, Brazil; Cerqu6ira, 1924, 
Brazil. 

Hare (Lepus) ; B. leporis, Dschunkowsky and Luhs, 1909, Transcaucasia. 

Hemigalago demidoffi = (Galago demidoffi). 

Herpestes calera : B. legeri, B6dier, 1924, Africa. 

Herpestes edwardsi =^( Herpestes mungo). 

Herpestes ichneumon (Egyptian mongoose): B. herpeatidis, Fran 9a, 1908, Portugal. 

(Herpestes mungo) = Herpestes edwardsi (Indian mongoose): B. sp., Patton, 1909, 
India. 

Hippopotamus : T, sp., Kleine and Taute, 1911, East Africa. 

Hipposiderus speoris : T., Donovan (first record), India. 

Hipposiderus tridens (bat): T, morinorum, Leger and Baury, 1923, Senegal. 

Hippotragus equinus (roan antelope): T vivax, Duke, 1923, Uganda. T, congolense, 
Kinghom and Yorke, 1912, Bhodesia; Davey, 1916, Tanganvika. T. theileri, 
Bodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo. T, 
cazalboui (=T. vivax), Bodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. B. hippotragi, Todd and Wolbach, 1912, Gambia. 

Hippotragus niger (sable antelope): T, sp.. Week, 1914, East Africa. 

Horse (Equus caballus) ; T, evansi, Evans, 1880, India. T, annamense, Blanchard, 
1888, Tonkin. T, sudanense, Chauvrat, 1892, Algeria. T, evansi var. mbori, 
Cazalbou, 1903, Senegal. T, equinum, Voges, 1901, South America. T. 
hippicum, Darling, 1910, Panama. T. venezueUnse, Baugel, 1905, Venezuela. 
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T. marocanum, Sergent, Lli^ritier and Belle val, 1915, Morocco. T. berberum, 
Sergent and Lh^ritier, 1912, North Africa. T. brucei, Bruce et ah, 1895, Zulu- 
land. T. togolense, Schilling, 1901, Togoland. T. vivax, Yorke and Blacklock, 
1911, Bhodesia. Y. congolenae^ Bruce et al., 1914, Nyasaland. T, pecaudi 
( ~T. brucei), Cazalbou, 1900, Senegal. T. cazalboui ( =T, vivax), Bouet, 1907, 
Senegal. T. dimorphon ( = T. congolenae ?), Dutton and Todd, 1903, G-ambia. 
T, equiperdum, Rouget, 1896, North Africa. B, caballi, Nuttall, 1910, Europe. 
B. equi, Laveran, 1901, Europe. P. equi, Castellani and Chalmers, 1913, Ceylon. 
Leishmania (?), Richardson, 1926, Uganda. 

(Hyaena crocuta) =Crocuta crocuta : Hp, chattoni, Leger, 1912, Senegal. Hp. canis, 
Leger, 1912, Senegal. 

Hydrochoerus capybara (capybara): T. venezuelense, Tejera, 1920, Venezuela. T. 
equinum, Lutz 1907, Brazil, and Migone, 1910, Paraguay. 

Hyena : P. brucei, Bruce et al., 1895, Zululand. T. congolense, Bruce et al., 1913, 
Nyasaland. 

Ictonyx zorilla : P. roubaudi, Leger and B6dier, 1923, Senegal. 

Jaculus gordoni = Jaculus jaculus. 

Jaculus jaculus -Jaculus gordoni (jerboa): Ilj). jacuU—Hp. balfouri, Balfour, 1905, 
Sudan. 

Jaculus (Johnstoni ?) : lip. sp., Rodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 

Jaculus orientalis (large Egyptian jerboa): Up. balfouri, Laveran, 1905, Tunis; Z.S., 
1925, Egypt. 

Lavia frons = (Megaderma frons). 

Lemniscomys barbarus pulchellus ^(Arvicanthis barbarus pulchellus). 

Lemniscomys zebra ^ (Arvicanthis zebra). 

(Lepus cuniculus) =Oryctolagus cuniculus (rabbit): lip. cuniculi, Sangiorgi, 1914, 
Italy. 

Lepus nigricollis (black-naped hare): Up. leporis, Patton, 1908, India. 

(Lepus sylvaticus) -Sylvilagus sylvaticus (American rabbit ”): T. leporis sylvatici, 
Watson, 1912, Canada. 

Leuconoe daubentonii -(Vespertilio daubentonii). 

Limnotragus spekei — (Tragelaphus spekei). 

Lion (Felis leo) : T. sp.. Week, 1914, East Africa. B. sp., Leger and Bedier, 1922, 
French Sudan. 

Macaca fascicularis =-(Macacus cynomolgus). 

(Macacus cynomolgus) -Macaca fascicularis (common macaque): P. cinomolgi, 
Mayer, 1907, Asia. P. imii, Halberstaedter and Prowazek, 1907, Borneo. 
Hg. blanchardi, Langeron, 1920, Asia. 

Macacus lasiotis tcheliensis : P. inui, Mathis and Leger, 1911, Tonkin. 

Macacus mulatta (Macacus rhesus). 

Macacus nemestrinus ; P. inui, Halberstaedter and Prowazek, 1907, Borneo. 

Macacus pileatus : B. cellii, Castellani and Chalmers, 1910, Ceylon. 

(Macacus rhesus) -Macacus mulatta: T. rhesii, Terry, 1911, America. P. inui, 
Mathis and Leger, 1911, Tonkin; Bruce and Nabarro, 1903, Africa; Chimisso, 
1922, Italy. 

Macacus sinicus : P. inui, Donovan, 1920, India. 

Marmot (Marmota sp.): Up. plicata marmotce, Martoglio, 1913, Eritrea. 

Marmota marmota =^(Arctomys marmota). 

(Megaderma frons) =Lavia frons (African bat): T. megadermce, Wenyon, 1909, Sudan. 

Meles meles =(Meles taxus). 

(Meles taxus) =Meles meles (badger): T. pestani, Bettencourt and Franca, 1905, 
Portugal. 

Microtus agrestis (field vole): Up. microti. Coles, 1914, England. 
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(Microtus amphibius) =Arvicola amphibius (water vole); B, mieroU, Coles, 1914, 
England. 

(Microtus arvalis) - Arvicola arvalis (field vole): T, microti^ Laveran and Pettit, 1909, 
France; Yakimoff and Korssak, 1910, Russia (?); Lavier, 1921, France. Hp, 
arvalis, Lavier, 1921, France. 

Microtus incertus (field vole): J5. microti. Franca, 1909, Portugal. 

Midas midas (yellow-banded marmoset): T, olevei, Leger and Porry, 1918, French 
Guiana. 

Miniopterus schreibersi (bat): T. vespertilionis, Battaglia, 1904, Italy; Dionisi, 
1899, Italy. P. melanipherum, Dionisi, 1898, Italy; Schingareff, 1906, Russia. 
Monkey : P. kochi, Bouillez, 1916, Central Africa. 

Mouse (Mus musculus ?) : B. sp., Bruce et al,, 1911, Uganda. Hp. musculi. Porter, 

1908, England; Sangiorgi, 1912, Italy; Yakimoff and Schokhor, 1917, Russia, 
Tx. musculi, Sangiorgi, 1913, Italy. 

Mule : T. evansi, Evans, 1880, India. T. annamense, Blanchard, 1888, Tonkin. 
T. hippicum. Darling, 1910, Panama. T. venezuelense, Tejera, 1920, Vene- 
zuela. T. hrucei, Bruce et ah, 1896, Zululand. T. pecaudi ( ~T. hrucei), Bouf- 
fard, 1908, Senegal. T. congolense, Hornby, 1919, Rhodesia. T. dimorphon, 
(— T. congolense *?), Martin, 1906, Congo. T. vivax, Hornby, 1919, Rhodesia. 
B. rossica, Yakimoff, Schokhor and Koselkine, 1917, Turkestan. 

(Mus agrarius) ==Apodemus agrarius (striped field mouse): T. korssaki, Yakimoff, 
Kohl- Yakimoff and Korssak, 1910, Siberia. B. sp., Yakimoff, Kohl- Yakimoff 
and Korssak, 1910, Siberia. 

(Mus alexandrinus) =Rattus rattus alexandrinus : T. lewisi, Yakimoff, 1911, Tunis. 

Hp, muris, Kusama, Kasai and Kobayashi, 1919, Japan; Cleland, 1906, Australia. 
(Mus coucha) —Rattus coucha : T. ehurneense, Delanoe, 1915, West Africa. 

(Mus cunninghami) =Psetidomys cunninghami : Hp. sp., Kleine, 1910, Tanganyika. 
(Mus decumanus =Mus norvegicus) = Rattus norvegicus (brown rat): T. lewisi, 
Lewis, 1877, India; Yakimoff, 1911, Tunis; Petrie and Avari, 1909, Bombay. 
B. decumani, Macfie, 1915, West Africa. Hp. muris, Balfour, 1906, Sudan; 
Carini, 1910, Brazil; Yakimoff, 1911, Tunis; (Joles, 1914, England; Johnston, 

1909, Australia; Adie, 1906, India; Kusama, Kasai and Kobayashi, 1919, 
Japan; Darling, 1912, Panama; Wenyon, 1911, Bagdad. 

(Mus macleari) = Rattus macleari ; T. lewisi, Durham, 1908, Christmas Isle. 

Mus manei : T., Donovan (first record), India. 

(Mus maurus) = Rattus maurus : T. lewisi, Martin, Leboauf and Roubaud, 1909, 
West Africa. 

(Mus morio) Rattus morio : T. duttoni, Thiroux, 1905, Senegal. 

Mus musculus (mouse) ; T. musculi, 1 906, Panama ; Pricolo, 1 906, Italy. Tx. musculi, 
Sangiorgi, 1913, Italy. 

(Mus niveiventer) = Rattus niveiventer : T. lewisi, Lingard, 1906, India. 

(Mus norvegicus ==Mus decumanus) = Rattus norvegicus. 

(Mus rattus) = Rattus rattus (black rat): T. lewisi, Lewis, 1877, India; Chaussat, 
1850, France; Durham, 1908, Christmas Isle; Petrie and Avari, 1909, Bombay. 
Hp. muris, Kusama, Kasai and Kobayashi, 1919, Japan; Stammers, 1920, 
England. Tx. ratti, Sangiorgi, 1915, Italy. 

(Mus rufescens) = Rattus rufescens : T. lewisi, Lewis, 1877, India. Hp. muris, 
Donovan (first record), India. 

(Mus sylvaticus) =Apodemus sylvaticus : T. grosi, Laveran and Pettit, 1909, Prance; 
Gros, 1845, Russia (?). B. sp.. Coles, 1914, England. Hp. sylvatici, Coles, 1914, 
England. 

Muscardinus avellanarius - (Myoxus avellanarius). 

(Mustela putorius) =Putorius putorius (weasel): Microsoma mustelce, Lebedeff and 
Tscharnotzky, 1911, Russia. 

(Mycetes seniculus) = Alouatta senicula ; Tx. sp., Th4z6, 1916, French Guiana. 
(Mycetes ursinus) =^Alouatta ursina (howler monkey): T. venezuelense, Tejera, 1920, 
Venezuela. 
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Myoprocta acouchy (agouti): T, acouchii, Brimont, 1909, Gruiana. 

Myotis capaccinii (capaocini bat):P. melaniferum, Dionisi, 1898, Italy. 

Myotis muricola =^(Vespertilio muricola). 

(Myotis murinus) —Myotis myotis (long-eared bat): T, nicolleorum, Sergent, 1906, 
North Africa. 

Myotis myotis =-( Myotis murinus =-Vespertilio murinus): P. murinum, Dionisi, 1898, 
Italy. 

Myotis nattereri ==- ( Vesperugo nattereri). 

(Myoxus avellanarius) =-Muscardinus avellanarius (common dormouse): T, myoxi, 
Blanchard, 1903, Europe; Galli- Valerio, 1903, Switzerland. B. myoxi, Franchini, 
1924, Italy. 

Myoxus murinus : P. rigoleti, Leger and B6dier, 1922, Senegal. 

Myoxus nitela - Eliomys quercinus (garden dormouse): T, hlanehardi, Brurapt, 1906, 
France; Franca, 1909, Portugal; Biot, 1909, France; Laveran and Pettit, 
1910, France. Herpetomonas myoxi, Laveran and Franchini, 1921, Italy, 

Nesokia bandicota : T., Donovan (first record), India. 

Nesokia gigantea : T. handicotti, Lingard, 1904, India. 

Nyctalus noctula =(Vesperugo noctula). 

Nycteris hispida : T, heyhergi, Rodhain, 1923, Belgian (^ongo. 

Odocoileus chiriquensis (white- tailed deer): P. higemina, Clark, 1918, and Clark and 
Zetek, 1925, Panama. 

(Oribia scoparia) - Ourebia oribi (oribi): T. brucei, Bruce et al., 1913, Nyasaland. 
T, congolenfie, Bruce ei al., 1913, Nyasaland. P. caprw, Bruce f t ah, 1913, 
Nyasaland. T. ingens, Bruce et al., i913, Nyasaland. 

Oryctolagus cuniculus (Lepus cuniculus). 

Oryxbeisa (beisa):P. sp., Ross, P. H., 1911, East Africa. 

Or 3 rx callotis : B. sp., Ross, P. 11. , 1911, East Africa. 

(Otospermophilus beecheyi) =Citellus beecheyi (ground squirrel): P. otospermophili, 
Wellman and Wherry, 1910, California. Hp. citellicola, Wellman and Wherry, 
1910, California. 

Otter (Lutra sp. ?): P. sp., Fehlandt, 1911, Tanganyika. 

Ouakaria calva =-(Brachyurus calva). 

Ourebia oribi - (Oribia scoparia). 

Ox (Bos taurus ?) : P. evami, Lingard, 1899, India. P. annamense, Schein, 1907, 
Tonkin. P, gambiense, Bruce et al,, 1911, Uganda; Blacklock and Yoike, 
1915, West Africa; Kleine and Eckard, 1913, Central Africa. P. briicei, Bruce 
et al., 1895, Zululand. P. peeaudi (— P. brucei), Cazalbou, 1910, Senegal. 
P. togolense. Schilling, 1901, Togoland. P. congolense, Broden, 1906, (-ongo. 
P. dimorplhon (=-P. congolense ?), Martin, 1906, Congo. P. vivax, Ziemann, 
1905, Cameroons. P. cazalboui (=P. vivax), ('azalbou, 1904, Senegal. P. 
uniforme, Bruce et al., 1911, Uganda. P. ingens, Bruce et al., 1909, Uganda. 
P. montgomeryi, Montgomery and Kinghorn, 1909, Rhodesia. P. theileri, 
Theiler, 1902, South Africa. P. bubalis, Slieather, 1919, and Edwards, 1925, 
India. B. bigemina. Smith and Kilborne, 1893, Texas. B, bovis. Babes, 1888, 
Europe. B, divergens, M’Fadyeaii and Stockman, 1911, England, P. argentina, 
Liniiws, 1898, South America. B, mutans, Theiler, 1907, South Africa. Thei- 
leria parva, Theiler, 1 904, South Africa. Ilg. bovis, Martoglio and Carpano, 1906, 
Eritrea. II g. bourn, Legras, 1918, Algeria. 

Papio sp. — (C 3 mocephalus sp.). 

Papio sphinx (baboon) :P., Seidelin and Connal, 1914, West Africa. Hcemogregarina 
cynomolgi var. papio, Leger and B4dier, 1922, French Sudan. 

Perameles nasuta (Australian bandicoot): Hp, peramelis, Welsh and Dalyell, 1910, 
Australia. 

Perodicticus sp. (potto): P. lewisi var. primatum, Reichenow, 1917, Cameroons. 

Peromyscus maniculatus (American field mouse): P. peromysci, Watson, 1912, 
Canada. 


II. 
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Perom3rscus nebrascensis (American field mouse): T, peromysci, Watson, 1912, 
Canada, 

Petaurus scieureus (flying opossum): Hp. petauri, Welsh, Dalyell and Burfitt, 1908 
and 1910, Australia. 

Petrodromus tetradactylus (elephant shrew): P. hrodeni, Eodhain, Pons, Vanden- 
hranden and Bequaert, 1913, Belgian Congo. Hp» sp., Eodhain, Pons, Vanden- 
branden and Bequaert, 1913, Belgian Congo. 

Petrodromus venustus (elephant shrew): T. petrodromi, Bruce et al., 1916, Nyasa- 
land. P. sp., Bruce et al., 1915, Nyasaland. 

Phacoccerus aethiopicus (wart hog): T. hrucei, Bruce et ah, 1913, Nyasaland; 
Kinghorn and Yorke, 1912, Ehodesia. T. congolense, Bruce et ah, 1913, 
iN'yasaland; Simpson, 1918, West Africa. T. simice, Bruce et ah, 1913, 
Nyasaland. 

Phyllostoma perspicillatum =Arlibeus perspicillatus (South American bat): T. phyllo- 
siomm, Cartaya, 1910, South America. 

Pig (Sus scrofa ?) : T, hrucei, Macfie, 1916, Nigeria. T. pecaudi ( — T, hrucei), Bouet, 
1908, Senegal. T. eongolense, Bruce et ah, 1914, Nyasaland. T. dimorpJhon 
( =T. eongolense ?), Martin, 1906, Congo. P. trautmanni, Knuth and du Toit, 
1918, East Africa. B. ovis, Sparapani, 1917, Italy. 

Pipistrellus pipistrellus = (Vesperugo pipistrellus). 

Pithecus entellus (Semnopithecus entellus). 

Pitjunys savii (burrowing vole): lip, pitymidis, Splendore, 1918, Italy. 

Plecotus auritus (long-eared bat): T. vespertilionis, Bettencourt and Franca, 1905, 
Portugal. 

Presbytes pileatus : P. semnopitheci, Z.S., 1925, Assam. 

Procyon lotor (racoon): P. sp., Wonyon and Scott, 1926, North America (Z.S.). 

Pseudomys cunninghami =(Mus cunninghami). 

Pteromys petaurista (flying squirrel): Hp,, Donovan (first record), India. 

Pteropus edwardsii (flying fox):P. pteropi, Mackio, 1913, India. 

Pteropus gouldi (flying fox):P. pteropi, Breinl, 1912, West Australia. 

Pteropus hypomelanus : 1*. pteropi, Z.S., 1925, Java. 

Pteropus medius (flying fox): T, sp., Donovan (quoted by Laveran and Mcsnil, 1912), 
India. 

Pteropus natalis (flying fox):P. sp., Durham, 1908, Christmas Island. 

Putorius putorius =^(Mustela putorius). 

Rabbit (Oryctolagus cuniculus ?) : T. nabiasi, Eailliet, 1895, France; Jolyot and 
Nabias, 1891, France; Petrie, 1904, England; Bose, 1904, France; Laveran and 
Mesnil, 1904, Spain; Bettencourt and Franga, 1906, Portugal; Manca, 1906, 
Sardinia; Ashworth and MacCowan, 1909, Scotland; Jouan, 1911, Franco. 
Hp. euniculi, Sangiorgi, 1914, Italy; Bourret, 1911, Senegal; Porter, 1918, and 
Fantham, 1919, South Africa. Tx, euniculi, Splendore, 1908, Brazil; Bourret, 
1911, Senegal. 

Rangifer tarandus (reindeer): P. sp., Kerzelli, 1909, Russia. 

Raphiceros campestris (stein buck): T. hrucei, Bruce et ah, 1903, Zululand. 

Rat, white =Rattus norvegicus : P. muris, Fantham, 1905, England. Hp, pernicio- 
sum. Miller, 1908, America. Tx, ratti, Sangiorgi, 1915, Italy. 

Rattus alexandrinus — (Mus alexandrinus). 

Rattus coucha =(Mus coucha). 

Rattus macleari =(Mus macleari). 

Rattus maurus =^(Mus maurus). 

Rattus morio ^(Mus morio). 

Rattus niveiventer =-(Mus niveiventer). 

Rattus norvegicus =(Mus norvegicus =Mus decumanus). 

Rattus rattus =(Mus rattus). 

Rattus rufescens — (Mus rufescens). 
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Ratufa indica (giant squirrel) :P. raiufw, Donovan, 1920, India. 

Rhabdomys pumilio = (Arvicanthis pumilio). 

Rusa rusa =(Cervus aristotelis). 

Sciurus griseimanus ; P. vassali, Laveran, 1905; Vassal, 1905, 1907, Annam. 

(Sciurus palmarum) =^Funambulus palmarum (palm squirrel): T. indicum, Liilie, 
1906, India; Donovan (quoted by Laveran and Mesnil), Madras. 

Sciurus sp. (squirrel):/*, vassali. Vassal, 1907, Annam. 

(Sciurus vittatus) =Callosciurus vittatus (striped squirrel): P. vassali. Vassal, 1907, 
Annam. 

Sciurus vulgaris (common squirrel): Tx. sciuri. Coles, 1914, England. 

Scotophilus kuhli = (Vespertilio kuhli). 

(Semnopithecus entellus) ^Pithecus entellus (entellus monkey or lianuman): P. 
semnopitheci, Knowles, 1919, India. 

Serval (Felis serval) : T. sp.. Week, 1914, East Africa. 

Sheep (Ovis aries ?) : T, pecaudi (=T. hrucei), Pecaud, 1909; Cazalbou, 1910, 
Senegal. T. congolense, Broden, 1904, ('ongo. T. dimorphon ( - T, congolense ?), 
Martin, 1906, Congo. T. vivax^ Ziemann, 1905, Carneroons. T, cazalboui 
( — T. vivax), 13ouet, 1908, West Africa. T. capree, Fehlandt, 191 1, East Africa. 
T. gambiense, Kleiiie and Eckard, 1913, ('entral Africa. T. melophagium, 
Woodcock, 1910, England; Behn, 1911, Germany; Noller, 1917, Gerinany; 
Hoare, 1921, England; Douwes, 1920, Holland. B. ovia, Starcovici, 1893, 
Europe; Babes, 1888, Europe. B, sp., Kodliain, 1916, Africa. Theileria sp., 
Mason, 1915, 1916, Egypt. B. spp., and Theileria hirci, Lestoquard, 1924, 1925, 
Algeria. 

Simia satyrus (orang-outang): P. pithed, Ilalberstaedter and Prowazek, 1907, 
Borneo; Laveran, 1905, Asia; Shibayawa, 1910; Dodd, 1913; Donovan (first 
record), Indian menagerie; Z.S., 1925, Borneo and Sumatra. 

Sorex vagrans (shrew): P. soricis, Hadwen, 1912, Canada. 

(Spermophilus eversmanni) - Citellus eversmanni : P. spermophiU, Laveran, 1911; 
Griiner, 1910, Russia. 

(Spermophilus guttatus) - Citellus guttatus : P. spermophili, Laveran, 1911 ; Chalach- 
nikow, 1888, Russia. 

(Spermophilus musicus) - Citellus musicus : P. spermophili, Laveran, 1911; Clialach- 
nikow, 1888, Russia. 

Steatomys pratensis (fat mouse): P. sp., Plimmer, 1912, South Africa. 

(Strepsiceros capensis) =-Strepsiceros strepsiceros (koodoo): P. hriieei, Bruce et al., 
1895, Zululand. P. congolense, Bruce el al„ 1913, Nyasalaiid, Kinghorn and 
Vorke, 1912, Rhodesia. P. caprw, Bruce et al., 1914, Kyasaland. P. cazalboui 
( — P. vivax), Rodham, Pons, Vandenbranden and Bequaert, 1913, Belgiati (^ongo. 

Strepsiceros strepsiceros - (Strepsiceros capensis). 

Sylvilagus sylvaticus ^ (Lepus sylvaticus). 

Tachyglossus aculeatus (echidna); Theileria tachyqlossi, Priestley, 1915, Australia. 

Talpa caeca (mole): P. talpce, Franga, 1911, Portugal. 

Talpa europaea (mole): P. talpce, Nabarro; Petrie, 1905, England; Thomson, 1906, 
England; Franga, 1911, Portugal. B. talpce, Galli- Valerio, 1913, Italy. Elleip- 
sisoma thomsoni. Franca, 1910, Portugal; Thomson, J. 1)., 1906, England. 

Talpa sp. (mole): Tx, talpce, Prowazek, 1910, Japan. 

Tamandua tridactyla (tamandua): P. legeri, Mesnil and Brimont, 1910, French 
Guiana. 

Tatera indica —(Gerbillus indicus). 

Tatera lobengula (gerbil): P. lewisi, Fantham, 1926, South Africa. 

Tatusia novemcincta ^(Dasypus novemcinctus). 

Taurotragus oryx (eland): P. briicei, Taute, 1913, Tanganyika; Davey, 191G, Tangan- 
yika. P. caprcB, Bruce et al., 1913, Nyasaland. P. congolense, Bruce et aL, 
1913, Nyasaland; Kinghorn andYorke, 1912, Rhodesia; Davey, 1916, Tangan- 
yika. P. sp., Week., 1914, East Africa. Theileria sp., Lichtenheld, 1910, Africa. 
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Tragelaphus scriptus (bush buck): B. sp., Boss, P. H., 1911, East Africa. T. hrucei, 
Bruce et dl., 1897, Zululand; Kleine and Fischer, 1911, East Africa; Kinghorn 
and Yorke, 1912, Bhodesia; Taute, 1913, Tanganyika. T, caprw, Bruce et dl., 
1913, Nyasaland. T. vivax, Bruce et aL, 1911, Uganda; Kleine and Fischer, 

1911, East Africa, T, cazdlboui ( — T. vivax), Bodhain, Pons, Vandenbranden 
and Bequaert, 1913, Belgian Congo. T. uniforme, Duke, 1912, Uganda; Fraser 
and Duke, 1912, Uganda. T. multiforme, Kinghorn and Yorke, 1912, Bhodesia. 
Y. congolense, Kinghorn and Yorke, 1912, Bhodesia; Bruce etal,, 1913; Nyasa- 
land; Bodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo; 
Kleine and Eckard, 1913, Uganda. Y. dimorphon ( ^ Y. congolense ?)» Dutton, 
Todd and Kinghorn, 1907, Gambia ; Montgomery and Kinghorn, 1908; Bhodesia; 
Johnson, 1920, West Africa. Y. iheileri ( == Y. tragelaphi ?)> Dutton, Todd and 
Tobey, 1906, Gambia. Y. ingens, Bruce et ah, 1909, Uganda; Fraser and Duke, 
1912; Uganda; Bodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian 
Congo. Y. sp., Kleine and Fischer, 1911, Tanganyika; Week, 1914, East Africa. 

(Tragelaphus spekei) ==Limnotragus spekei (Speke’s antelope): Y. gamhiense, Duke> 

1912, Uganda. Y. brucei, Duke, 1921, Uganda. Y. vivax, Duke, 1912, Uganda. 
Y. uniforme, Duke, 1912 and 1923, Uganda. Y. tragelaphi, Duke, 1912, Uganda ; 
Kinghorn and Yorke, 1912, Bhodesia. Y. ingens ^ Dxika, 1912, Uganda. 

Tragelaphus sylvaticus (bush buck): Y. sp., Dutton, Todd and Tobey, 1906, Gambia 
Tragulus javanicus (chevrotain): Y. sp., Dodd, 1912, Zoological Gardens, Sydney. 
Vampyrops lineatus (striped bat): Y. sp., Tturbe and Gonzalez, 1916, Venezuela. 
(Vespertilio capensis) =£ptesicus capensis : P. murinum, Bowhill, 1906, South 
Africa. 

(Vespertilio daubentonii) -Leuconoe daubentonii : P. murinum, Schingarefl, 1906, 
Bussia. 

(Vespertilio kuhli) - Scotophilus kuhli : Y. vesperiilionis, Sergent, 1905, North Africa; 
Yakimofl, 1911, Tunis; Gonder, 1910, Italy. P. vesperuginis, Dionisi, 1898, 
Italy; Gonder, 1906, Africa. 

(Vespertilio muricola) — Myotis muricola : P. mackiei, Melo and Sa, 1916, Portuguese 
India. 

(Vespertilio murinus) = Myotis myotis : P. murinum, Dionisi, 1899, Italy. 

(Vesperugo abramus) — Pipistrellus abramus : P. monosoma. Vassal, 1907, Annam. 
(Vesperugo nattereri) -Myotis nattereri : Y. vesperiilionis, Bettencourt and Franca, 
1905, Portugal; Gonder, 1910, Italy. 

(Vesperugo noctula) =Nyctalus noctula: Y. vespeHilionis, Battaglia, 1906, Italy; 
Gonder, 1910, Italy. B. vesperuginis, Dionisi, 1898, Italy; Neumann, 1908, 
Europe; Berestneff, 1903, Europe; Galli- Valerio, 1904, Europe. 

(Vesperugo pipistrellus) = Pipistrellus pipistrellus: Y. vesperiilionis, Petrie, 1905, 
England; Kisskalt, 1905, Europe; Bettencourt and Fran9a, 1905, Portugal; 
Mettam, 1907, Ireland; Gonder, 1910, Italy; Coles, 1914, England; Franchini, 
1921, Italy. Schizotrypanum pipistrelli, Chatton and (’ourier, 1921, Alsace. 
B, vesperuginis, Dionisi, 1898, Europe; Kisskalt, 1905, Europe; Coles, 1914, 
England. 

(Vesperugo serotinus) —Eptesicus serotinus: Y. vespertilionis, Bettencourt and 
Franca, 1905, Portugal. 

Viverra civetta (civet): P. civettw, Leger, A. and M., 1920, Senegal. 

Vulpes dorsalis =(Fennecus dorsalis). 

Xerus er3rthropus (Ethiopian ground squirrel): Y. xeri, Leger and Baury, 1922, 
Senegal. 

Yak (Polphagus grunniens) : B, sp., Yakimoff, Kohl-Yakimoff and Korssak, 1910, 
Siberia. 

AVES. 

Acanthogenys rufigularis (honey-sucker) : H., Cleland, 1915, Australia. 

Accentor collaris (accentor): E„ Galli- Valerio, 1902, Europe. 

Accipiter nisus-(Falco nisus) (sparrow hawk): Y., Mezincescu, 1909, Boumania* 
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//, danilewskyi var. tinmmculus, Gralii- Valerio, 1919, Europe. TL, Ziemann, 
1898, Europe. L., Mezinoesou, 1909, Kournania. L. mathisi. Franca, 1912, 
Portugal; Francliini, 1924, Italy. 

Acomus erythrophthalmus (crestless fireback pheasant): P. jircecox, Z.S., 1925, 
Malacca. 

Acridotheres tristis (myna): T., //., andP., Maya and David, 1912, Mauritius. 

i£don megarhyncha ==(Erithacus luscinia). 

Agapornis pullaria (red-headed lovebird): T., Z.8., 1925, West Africa. 

Agelaeus icterocephalus (hang-nest) : //., Plimmer, 1913, Mexico. 

Agelaeus phoeniceus (hang-nest) : T. confusum, Liilic, 1 906. T. avium, Novy, McNeal , 
1905, North America. //., Galli- Valerio, 1902, Europe. P., Opie, 1898, North 
America. 

Agelaeus thilius ^ (Cacicus chrysopterus). 

Aidem osynemalabarica( white- throated munia):P.prcpcoj", Z.8., 1925, India. 

Alopochen aegyptiacus =^(Chenalopex aegyptiaca) . 

Alario alario (finch): P., Plimmer, 1916, and Z.S., 1925, South Africa; //., Z.S., 
1925, South Africa. 

(Alauda arborea) =^Lullula arborea (wood lark): //., Gralli- Valerio, 1902, Europe. 

Alauda arvensis (skylark): E. alaudw, Celli and San Felici, 1891, Italy; Schaudinn, 
quoted by Prowazek, 191 1, (rermany; Ziemann, 1898, Italy; Wasielewski, 1896, 
(rermany ; Labb6, 1894, France; Grassi andFeletti, 1890, Sicily; Laveran, 1890, 
France ; Francliini, 1 923, Italy. P., Labbe, 1 894, France; Schaudinn, quoted by 
Prowazek, 1911, Germany. 

(Alauda cristata) =^Galerida cristata (crested lark): T., Sergent, Ed. and Et.. 1904, 
Algeria. 

Albanella pallida (falcon): L, laverani, Franchini, 1923, Italy. 

Amadina erythrocephala (weaver finch): T., Fantham, 1919, South Africa. P., Z.S., 
1925, South Africa. Eg. amadince, Fantham, 1919, 1924, South Africa. 

Amadina fasciata (weaver finch): E,, Plimmer, 1912, West Africa. 

Amblyornis subalaris (bower bird): 7i., Plimmer, 1912, New Guinea. 

Ampelis japonicus (waxwing): P,, Ogawa, 1911, Japan. 

Anas boscas (mallard or wild duck): L., Fran 9 a, 1912, Portugal. 

(Anas moschata) ^Cairina moschata (muscovy musk duck): 7/., Leger, 1918, 
Guiana. 

(Anas querquedula) ^Querquedula querquedula (garganey teal) :P and P., Schaudinn, 
quoted by Prowazek, 1911, Germany. 

Anastomus lamelligerus (open bill): 77., Kodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian (^ongo. 

(Andropadus virens) ^Eurillas virens (bulbul): P., Zupitza, 1909, Cameroons. 

Anellobia chrysoptera (honey-sucker): P. anellobiw, Johnston, 1910, and Cleland and 
Johnston, 1910, 1911, Australia; P. anellobiw, Cleland and Johnston, 1910, 
Australia. 7/., Breinl, 1913, West Australia. 

Anorthura troglodytes ^(Troglodytes parvulus). 

Anser anser — (Anser ferus). 

Anser domesticus (goose): P. anserina, Knuth, 1922, Germany; Knuth and Magde- 
burg, 1922, Germany. 

(Anser ferus) Anser anser (grey lag goose): P., Fran 9 a, 1912, Portugal. 

Anthus japonicus ==(Anthus spinoletta japonicus). 

Anthus pratensis (meadow pipit): P., Nieschulz, 1921, 1922, Heligoland. 

(Anthusspinoletta japonicus) = Anthus japonicus (pipit): 77., Ogawa, 1911, Japan. 

Anthus trivialis (tree pipit): 77., Galli- Valerio, 1902, Europe. 

Antigone antigone (sarus crane) :P. or 77., Z.S., 1925, India. 

Aphelocephala leucopsis (whiteface): 77., Cleland and Johnston, 1911, Australia. 

Aphelocoma sordida (jay):P., Plimmer, 1914, Mexico. 
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Aptus chopi (hang-nest): T. and Eg, (Tx,) sp., Carini and Maciel, 1916, Brazil. 

(Apus apus) =^Cypselus apus (swift): T., Franchini, 1923, Italy. 

Aquila chrysaetus (golden eagle): H., Wulker, 1919, Macedonia. 

Aquila sp. (eagle): H,, Wiilker, 1919, Macedonia. 

Ara macao (red and blue macaw): P., Plimmer, 1912, Central America, 

(Ardea atricapilla) ==Butorides atricapilla (green heron): T, and L„ Leger, A. and M., 
1914, Niger. 

(Ardea bubulcus) = Bubulcus lucidus (buff-backed heron): T., Zupitza, 1909, 
Cameroons. 

(Ardea caerulea) = Florida caerulea (heron): T., De Cerquoira, 1906, Brazil. 

(Ardea caerulescens) — (?) Florida caerulea (heron): T. ardew var. major, Leger, 1918, 
Gruiana. 

(Ardea candidissima) -Leucophoyx candidissima (egrette): T., De Cerqueira, 1906, 
Brazil. 

Ardea cinerea (heron) : X., Wulker, 191 9, Macedonia. T., De Cerqueira, 1906, Brazil. 

Ardea goliath (goliath heron): T., Eodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. X. ardew, Eodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

(Ardea purpurea) =Pyrrherodias purpurea (purple heron): //., Eodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian Congo; Franchini, 1924, Italy. 
X,, Wulker, 1919, Macedonia; Franchini, 1924, Italy. 

(Ardetta flavicollis) =Dupetor flavicollis (tiger bittern): X. chouqueti, Mathis and 
Leger, 1911, Tonkin. H., Mathis and Leger, 1910, Tonkin. 

Ardetta sinensis (yellow bittern): T., Mathis and Leger, 1911, Tonkin. H., Mathis 
and Leger, 1910, Tonkin; Ogawa, 1911, Japan. X. lehceufi, Mathis and Leger, 
1910, Tonkin. 

Argusianus argus (Argus pheasant): T. and //., Z.S., 1925, Malacca. 

Artamus superciliosus (wood swallow): X., Plimmer, 1916, New South Wales. 

Asio accipitrinus — (Otus brachyotus) (short-eared owl): U,, Ziemann, 1898, Heligo- 
land; Leger, 1917, Europe; Celli and San Felici, 1891, Italy. 

(Asio leucotis)= Scops leucotis .* P. and H„ Z.S., 1925, South Africa. * 

Asio otus = (Otus vulgaris -Strix otus) (long-eared owl): T., Noller, quoted by 
Nieschulz, 1922, b-ermany; Boing, 1925, Germany. //., Galli- Valerio, 1902, 
Europe; Boing, 1925, Germany. X. danilewskyi, Ziemann, 1898, Europe; 
Danilewsky, 1884, Europe; Boing, 1925, Germany. 

Astragalinus tristis (American goldfinch): X. laverani, Novy and McNeal, 1905, North 
America. 

(Astur badius var. sphenurus) =Astur sphenurus (shikra, hawk): X. marly i, Commes, 
1918, Senegal. ^ 


Astur palimbarius (goshawk): X., Mayer, quoted by Nieschulz, 1922, Germany. 

H, andX., Wasielewski, 1908, Germany. 

Astur sphenurus = (Astur badius var. sphenurus). 

Asturinula monogrammica (hawk): X. asturinulw, Stephens and Christophers, 1908; 
Dutton Todd and Tobey, 1907, Belgian Congo. Eodhain, Pons, Vanden- 
branden, and Be^aert, 1913, Belgian Congo. X. toddi, Sambon, 1907, Belgian 
Congo ; Dutton, Todd and Tobey, 1907, Belgian Congo; Aubert and Hecken- 

o • Belgian Congo; Eodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Athene brama (I^^i^^^little owl): X. hramw, Stephens and Christophers, 1908, India; 

Donovan, 1904, India. U, andX., Donovan (first record), India. 

( AthMi ^ ^^c uloides ) ~ Glaucidium cuculoides (owl): X., Mathis and Leger, 1911, 


Athene noctua ^ittle owl): X. noctuw, Schaudinn, 1904, Europe. Bettencourt and 
Franqa, 1907, Portugal; Minchin and Woodcock, 1911, Italy; Plimmer, 1914, 
Europe; Sergent Ed. and Et., 1904, Algeria; Wulker, 1919, Macedonia. X., 
Franchini, 1924, Italy. E, noctuw, Celli and San Felici, 1891, Europe; Carda- 
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matis, 1909, Greece; Plimmer, 1913, Europe; Woodcock, 1914, Italy; Schaudinn, 
1904, Italy; Sergent, Ed. and Et., 1904, Algeria; Wiilker, 1919, Macedonia; 
Ziemann, 1898, Italy; Colli and San Pelici, 1891, Italy; Grassi and Feletti, 1890, 
Sicily. //., Scliaudinn, quoted by Prowazek, 1911, Germany; Franchini, 1924, 
Italy. L. ziemanni, Laveran, 1902, Europe; llanilewsky, 1890, Europe; 
Ziemann, 1898, Italy; Scliaudinn, 1904, Italy; Moldovan, 1913-1914, Europe; 
Woodcock, 1912, 1914, Italy; Cardamatis, 1911, Greece; Plimmer, 1913, Europe; 
Wiilker, 1919, Macedonia; Sergent, Ed. and Et., 1907, Algeria. P., Schaudinn, 
quoted by Prowazek, 1911, Germany. P. wasielewskii^ Brumpt, 1909, Europe; 
Sergent, Ed. and Et., 1906, Algeria; Schaudinn, 1904, Italy. 

Atticora cyanoleuca (swallow): P., Iturbe and Gonzalez, 1906, Venezuela. Hg. 

( Toj. ) atticorce, Aragao, 1911, Brazil. 

A3rthya baeri =-’(Fuligula baeri). 

Balaeniceps rex (shoe-billed stork) :P., Eodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Balearica ceciliae (crowned crane): P., Wenyon, 1909, Sudan. 

Balearica pavonina (crowned crane): //., Todd and Wolbach, 1912, Gambia. 
Balearica regulorum (crowned crane): II, and X., Eodhain, Pons, Vandenbranden 
and Bequaert, 1913, Belgian ("ongo;P., Plimmer, 1912, South Africa ;P. andP., 
Z.S., 1925, South Africa. 

Batara cinerea (ant bird): T,, (-arini and Botelho, 1914, Brazil. 

Batara major .• II g, travassoai, Eaul di Priino, 1925, Brazil. 

Biziura lobata (musk dnok):Z*. hiziurce, Gilruth, Sweet and Dodd, 1910, Australia. 
Botaurus stellaris (bittern): P., Boing, 1925, Germany. 

Botaurus sp. (bittern): X., Wiilker, 1919, Macedonia. 

(Brachyspiza capensis) — Brachyspiza pileata (finch): P., Migone, 1916, Paraguay. 

Eg, (Tjg.) hrachyspizcB, Aragao, 1911, Brazil. 

Brachyspiza pileata — (Brachyspiza capensis =Zonotrichia pileata). 

Bubo bubo (great eagle owl): P., Z.S., 1925, Persia. 

Bubo capensis (owl): P., Plimmer, 1912, South Africa. 

Bubolacteus (eagle owl): //., Carpano, 1913, Eritrea; Leger, A. and M., 1914, Niger; 
Eodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo. X., Leger, 
A. and M., 1914, Senegal. 

Bubo maculosus (eagle owl): P., Plimmer, 1912, 1914, South Africa. 

(Bubo poensis) ^Huhua pcensis (owl): P., Plimmer, 1912, West Africa. 

Bubo sibiricus (Siberian eagle owl): T, andX., Boing, 1925, Germany. 

Bubo virginianus (eagle owl): P., Galli-Valerio, 1902, Europe. 

Bubo sp. (eagle owl): 7/., Galli-Valerio, 1902, Europe. 

Bubulcus lucidus ( Ardea bubulcus). 

(Budytes flavus) —Motacilla flava (yellow wagtail): P., Galli-Valerio, 1902, Europe. 
Buteo buteo =^(Buteo vulgaris). 

Buteo desertorum -= (Buteo vulpinus). 

Buteo lineatus (buzzard): T. mesnili, Novy and McNeal, 1905, North America. 
(Buteo vulgaris) === Buteo buteo (common buzzard): P., Pfeiffer, 1890, Europe, 

(Buteo vulpinus) =Buteo desertorum (buzzard): P., Danilewsky, 1889, South Eussia. 
Butorides atricapilla =(Ardea atricapilla) (green heron): T, and L., Eodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian Congo. 

Butorides striata (green heron): T., Leger, 1918, Guiana; Migone, 1916, Paraguay. 
Bycanistes albotibialis (hornbill); T., Eingenbach, 1914, Congo. 

Bycanistes buccinator (honihill): T, hycanistisy Stephens and Christophers, 1908; 

JDutton, Todd and Tobey, 1907, Belgian Congo. 

Bycanistes cristatus (hornbill): T., Eoss, P. II., 1911, East Africa. 

(Bycanistes leucopigius) =Bycanistes sharpei (hornbill): T., Eodhain, Pons, Vanden- 
branden and Bequaert, 1913, Belgian Congo. 

Bycanistes sharpei :==( Bycanistes leucopigius). 



1368 


BLOOD PARASITES 


Bycanistes subquadratus (horiibiJl): T,, Minchin, 1910, Uganda. 

Caccabis chukar (chukar, rod-legged partridge): T., Plimmer, 1912, India. 

Caccabis melanocephala (black-headed, red-logged partridge): H., Plimmer, 1915, 
Arabia. 

Caccabis petrosa (Barbary partridge): H., Carpano, 1913, Eritrea. 

Caccabis rufa =(Perdix rubra) (common red-legged partridge): L,, Scliaudinii, quoted 
by Prowazek, 1911, Zoological Gardens, Berlin. 

(Cacicus chrysopterus) ^Agelseus thilius (hang-nest): T., Carini and Maciel, 1916, 
Brazil. 

Cairina moschata =(Anas moschata). 

(Calliste cyanoptera) ^Calospiza cyanoptera (tanager): //., Plimmer, 1912, South 
America; Iturbe and Gonzalez, 1916, Venezuela. 

(Calliste festiva) ^Calospiza cyanocephala (tanager): H,, Plimmer, 1912, Brazil. 

(Calliste melanonota). ^ Calospiza melanonota (tanager): //., Plimmer, 1912, 
Brazil. 

(Calliste thoracica) — Calospiza thoracica (tanager) :P., Plimmer, 1912, Brazil. 

(Calliste tricolor) ^Calospiza tricolor (tanager): 7/., Plimmer, 1912, South America. 

Catenas nicobarica (Nicobar pigeon): 77., Z.S., 1925, India. 

Calopelia puella (bronze-wing pigeon): 77., Plimmer, 1912, West Africa. 

Calospiza cyanocephala — (Calliste festiva). 

Calospiza cyanoptera = (Calliste cyanoptera). 

Calospiza fatuosa (superb tanager): P., Z.S., 1925, Brazil. 

Calospiza melanonota — (Calliste melanonota). 

Calospiza thoracica — (Calliste thoracica). 

Calospiza tricolor (Calliste tricolor) (tanager): f7., Carini and Maciel, 1916, Paraguay. 

Caprimulgus europaeus (nightjar): T. thiersi, Leger, 1913, Corsica. P., 77., L., and 
P., Boing, 1925, Germany. 

Caprimulgus fossei (nightjar): T, caprimulgi, K^randel, 1909, French (-ongo. 77. 
and£. caprimulgi, K^randel, 1909, 1913, French C'ongo. 

Caprimulgus sp. (nightjar): 77., Sergeiit, Ed. and Et., 1904, Algeria. 

Capsiempis flaveola (tyrant bird); P., Iturbe and Gonzalez, 1916, Venezuela. 

Cardinalis cardinalis = (Cardinalis virginianus). 

Cardinalis phoeniceus (finch): H., Plimmer, 1917, Venezuela. 

(Cardinalis virginianus) = Cardinalis cardinalis (cardinal): P., Schaudinn, quoted by 
Prowazek, 1911, Zoological Gardens, Berlin. 

Carduelis carduelis =- (Carduelis elegans ="Fringilla carduelis) (goldfinch): P., Sergent, 
1910, Algeria; Cardamatis, 1911, Greece. 

(Carduelis elegans) == Carduelis carduelis (goldfinch): P., Plimmer, 1914, Europe. 
II,, Galli- Valerio, 1902, Europe. Cardamatis, 1909, Greece. P., Plimmer, 
1914, Europe. 

Cariama cristata : 77., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

Carpodacus mexicanus (rose finch) ;P., Plimmer, 1912, Mexico. 

Carpophaga concinna (fruit pigeon): P., Plimmer, 1912, Am Isles; Z.8., 1925, Malaya. 
Pa?., Plimmer, 1915, Aru Isles. 

Casarca tadornoides ^(Tadorna tadornoides). 

Cassiculus melanicterus (hang-nest); H,, Plimmer, 1912, Mexico. 

(Catharista atratus) -Cathartes urubu (black vulture): P. catharistcd, Mesnil, 1912; 
Brimont, 1909 Guiana. II g, pintoi. Haul di Primio, 1925, Brazil. 

Cathartes aura (turkey vulture): H., Darling, 1912, Panama. Eg. pintoi, Raul di 
Primio, 1925, Brazil. 

Cathartes burrovianus (South American turkey vulture): 77., Z.S., 1925, Brazil. 

Cathartes urubu = (Catharista atratus). 

Catheturus lathami (mound-builder): H., Cleland and Johnston, 1911, Australia. 
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Centropus burchelli (cuckoo); L. centropi, Fantham, 1921, South Africa. 

Centropus monachus (cuckoo); //., Leger, A. and M., 1914, Niger. L,, Legor, A. and 
M., 1914, Senegal. 

Centropus senegalensis (cuckoo); JD., Aubert and lleckenroth, 1911, French (IJongo. 

Centropus sinensis (cuckoo); 77. , Mathis and Leger, 1911, Tonkin; Donovan (first 
record), India. L., Mathis and Leger, 1911, Tonkin. 

Centropus superciliosus (cuckoo); 77., Minchin, 1910, Uganda; Rodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian ('ongo. 7/., Rodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian Congo. 

Cephalophoneus bucephalus ^(Lanius bucephalus). 

Cephalophoneus schach ^(Lanius schach). 

Cerchneis alopex (kestrel); 7/., Leger, A. and M., 1914, Niger. 

Cerchneis naumanni =(Tinnunculus cenchris). 

Cerchneis sparveria = (Falco sparverius). 

Cerchneis tinnunculus ^ (Falco tinnunculus ==Tinnunculus alaudarius =Tinnunculus 
tinnunculus) (common kestrel); T., Boing, 1925, Grermany. 77., Ziemann, 1898, 
Heligoland and Italy. 77. danilewskyi var. tinnunculus, Wasielewski and 
Wulker, 1918, Europe. 77. and L., Boing, 1925, Grermany. 

Ceuthmochares aereus (cuckoo); T., Martin, Leboeuf and Roubaud, 1909, Congo; 
Roubaud, 1909, French Congo. 

Chalcomitra amethystina (black sun bird); 77., Z.S., 1925, South Africa. 

Chalcomitra senegalensis ^-(Cinnyris senegalensis), 

Chamaepelia minuta (grey ground dove);7^ or 7/., Z.S., 1925, West Indies. 

Chamaepelia talpacoti = (Columbina talpacoti - Columbogallina talpacola) (dove). 

Chamaeza brevicauda (ant bird); T., Carini and Maciel, 1916, Brazil. 

(Chanthornus jamaicai) - Icterus jamaicai (hang-nest); 77., Aragao, 1916, Brazil. 

Chelidon urbica (martin); T. mathisi, Sergent, 1904 and 1907, Algeria; Petrie, 1905, 
England. 77., Franchini, 1923, Italy. 

(Chenalopex aegyptiaca) - Alapochen aegyptiacus (“Egyptian goose,” duck); X., 
Minchin, 1911, Uganda. 

(Chibia bracteata) =--Dicruropsis bracteata (drongo); 77., Breinl, 1913, West Australia, 

Chlamydodera orientalis (bower ])ird); T, and H., Breinl, 1913, West Australia. 

(Chloris chloris) -^Ligurinus chloris (greenfinch); P., Wasielewski, 1902, Germany; 
Zieinaiiii, 1898, Italy; Franchini, 1924, Italy. 

(Chloris hortensis) ^Ligurinus chloris (greenfinch); 77., Laveran, 1907, France. 

Chlorophonia pretrei (tanager); 77., Iturbe and Gronzalez, 1916, Venezuela, 

Chloropis aurifrons (golden-headed chloropis) ; P. prwcox and 77., Z.S., 1925, India. 

Chlorotreron iozona ^^- (Ptilinopus iozonus). 

(Chroicocephalus ridibundus) -Larus ridibundus (black-headed gull); 77., Franchini, 
1924, Italy. 

Chrysococcyx cupreus (golden cuckoo): P., Zupitza, 1909, (^anieroons. 

(Chrysomitris cucullatus) ^Spinus cucullatus (hooded siskin): H., Plimmer, 1912, 
North America. 

(Chrysomitris spinus) =-Spinus spinus (siskin); 77., Plimmer, 1914, North Europe. 
Tx.y Mayor, quoted by Noller, 1920, Hamburg; Walzberg, 1923, Berlin. 

Cicinnurus regius (king bird of paradise) ; P., Plimmer, 1915, Aru Isles. 77. , Plimmer, 
1912, New Criiinea. 

Cinn3rris chloropygius (sun bird); P., Leger, A. and M., 1914, Niger. 

(Cinnyris senegalensis) =Chalocomitra senegalensis (Senegal sun bird): 7/., (.homines, 
1918, Niger. 

Circaetus cinereus ^ (Falco circaetus). 

Circaetus gallicus (harrier eagle); L. circaUi, Sergent and Fabiaiii, 1922, Algeria. 

Circus aeruginosus (marsh harrier); P., Boing, 1925, Gcu’inany. 77., Danilewsky, 
1889, South Russia; Franchini, 1924, Italy; Boing, 1925, Germany. £., 
Franchini, 1924, Italy; Boing, 1925, Germany. 
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Cittocincla macrura (shama): T., Plimmer, 1914, India. H,, Plimmer, 1914 and 
1917, and Z.S., 1925, India. 

Clivicola riparia =(Coty]e riparia). 

Coccothraustes coccothraustes = (Coccothraustes vulgaris) (hawfinch): P. and L., 
Franchini, 1924, Italy. T., //., J}., andP., Boing, 1925, Germany. 

Coccothraustes japonicus == (Coccothraustes vulgaris japonicus). 

(Coccothraustes melanura) — Eophona melanura (hawfinch): P., Plimmer, 1912, 
Japan. 

(Coccothraustes vulgaris) -Coccothraustes coccothraustes (common hawfinch): T., 
Bettencourt and Franca, 1907, Portugal. //., Sergent, Ed. and Et., 1904, 
Algeria (?); Danilewsky, 1889, South Eussia. P., Ziemann, 1898, Italy. 

(Coccothraustes vulgaris japonicus) = Coccothraustes japonicus (Japanese hawfinch): 
T.y H,, andX., Ogawa, 1911, Japan. 

(Coereba cyanea) =Cyanerpes cyaneus (American creeper): II., Plimmer, 1912 and 
1913, South America. 

Colasus monedula =(Corvus monedula —Monedula monedula — Monedula turrium) 
(jackdaw): II., Galli- Valerio. 1902, Europe. 

Colaptes auratus (woodpecker): T., Novy and McNeal, 1905, North America. 

Colaptes campestris (woodpecker) :P., Carini and Maciel, 1916, Paraguay. 

Coliostruthus laticauda =(Penthetria laticauda). 

(Columba domestica) — Columba livia (pigeon, domestic variety): II., ('’ardamatis, 
1909, Greece. II., Galli-Valerio, 1902", Europe. 

Columba livia (rock pigeon): T. hannai, Pittaliiga, 1904 (Hanna, 1903, India). 
H., Sohaudinn, quoted by Prowazek, 1911, Europe; Eodhain, Pons, Vanden- 
branden and Bequaert, 1913, Belgian (>ongo; Sergent, Ed. and Et., 1904, 
Algeria; Celli and San Felici, 1891, Italy. P., Sergent, Ed. and Et., 1904, Algeria. 

Columba livia (Columba domestica). 

Columba palumbus (wood pigeon): T., //., L., and P., Boing, 1925, Germany. 

Columba rufina (pigeon): II., Leger, 1918, Guiana. 

Columba sp. (pigeon): H. columhw, ("elli and San Felici, 1891, Europe. 

(Columbina talpacoti) =-Chamc3epelia talpacoti (dove): 11. , Iturbe afid Gonzalez, 
1916, Venezuela. 

(Columbigallina talpacota) --Chamoepelia talpacoti (dove): II., Aragao, 1916, Brazil. 

Copyschus saularis (magpie robin): T., Plimmer, 1912, India; Plimmer, 1913, India. 
//. mormni, Mello and Braz de Sa, 1916, India. H., Mathis and Leger, 1010, 
Tonkin; Plimmer, 1912 and 1916, India. 

Coracias abyssinicus (roller): II., Carpano, 1913, Eritrea; Leger, A. and M., 1914, 
Niger; Z.S., 1925, Abyssinia. L., Leger, A. and M., 1914, Senegal. 

Coracias garrulus (roller): T. avium, Danilewsky, 1885, South Eussia. II., C-arda- 
matis, 1909, Greece; Wiilker, 1919, Macedonia; Danilewsky, 1889, South 
Eussia. L., Wiilker, 1919, Macedonia. 

Coracias indica (Indian roller): H., Phmmor, 1912 and 1914, India. 

Corcorax melanorhamphus (crow): L. annellohice, Cleland and Johnston, 1911, 
Australia. 

Corvinella corvina (shrike): H. andX., Leger, A. and M., 1914, Senegal. 

(Corvus americanus) -^Corvusbrachyrhynchus(crow); U., Opio, 1898, North America; 
Galli-Valerio, 1902, Europe. 

Corvus brachyrhynchus == (Corvus americanus). 

Corvus corax = (Corvus corvus) (raven): H., Galli-Valerio, 1902, Europe. L. sale- 
haroffi, Sambon, 1908, Europe; Sakharoff, 1893, Transcaucasia; Leger, 1917, 
Europe. P., Plimmer, 1913, Europe. 

Corvus cornix (grey crow): H. danilewshyi, Kruse, 1890, Europe; Wiilker, 1919, 
Macedonia; Kruse, 1890, Italy. 

Corvus corone (carrion crow): H., Leger, 1913, Corsica. L. zuccarellii, Leger, 1913, 
Corsica. L., Plimmer, 1917, Europe. 
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(Corvus corvus) =^Corvus corax (raven): P., Danielewsky, 1898, South Russia (?). 
(Corvus frugilegus) ^Trypjanocorax frugilegus (rook): P., Danilewsky, 1898, South 
Russia (?). i., Wasielewski, 1908, G-ermany; Cardamatis, 1911, Greece. 
Corvus japonensis = (Corvus macrorhynchus japonensis). 

Corvus macrorhynchus (crow): P., ('astellani and Willey, 1906, Ceylon, quoted by 
Dobell, 1910. 

(Corvus macrorhynchus japonensis) = Corvus japonensis (crow): T., Mine, 1914, 
Japan. P., Mine, 1914, Japan; Ogawa, 1911, Japan. X., Ogawa, 1911, Japan. 
(Corvus monedula) =Coloeus monedula (jackdaw): X., Chingareva (SchingarefE), 
1911, Russia. T, corvi, Stephens and Christophers, 1908, India. 

Corvus splendens (Indian house crow): T, and P., Donovan (first record), India. 

P., Castellani and Willey, 1905, Ceylon; Donovan (first record), India. 
Cor 3 rthcsola cristata (turaco): P., Minchin, 1910, Uganda. P., Minchin. 1910, 
Uganda. « 

Coturnix communis (quail): T., Franchini, 1924, Italy. 

Coturnix delegorguei (quail); P., Rodhaiu, Pons, Vandenbranden and Bequaert, 

1913, Belgian Congo. 

(Cotyle ripariaj =Clivicola riparia (sand martin): T. eotyle, Franchini, 1923, Italy. 
Cracticus destructor (shrike): P., Breinl, 1913, West Australia. 

Crateropus striatus (babbler): P., Castellani and Willey, 1905, Ceylon. 

(Crax sclateri) —Penelope sclateri (Sclater’s curassow): T. j)edrozi, Carini and Botelho, 

1914, Brazil. 

(Crithagra chrysopyga) =Serinus icterus (serin): P., Plimmcr, 1915, West Africa. 
(Crithagra musica) = Poliospiza leucopygia (wJiite-rumped canary): /*., Z.S., 1925, 
West Africa. 

Crithagra sp.: T., Dutton and Todd, 1903, Gambia. 

Crotophaga ani (cuckoo): P., Iturbe and Gonzalez, 1916, Venezuela. 

Cryptorhina afra (Senegal magpie) :7^ or P., Z.S., 1925, West Africa. 

Crypturus cinereus (tinamou): T. tinami, Mesnil, 1912 (Brimont, 1912, Guiana). 
Crypturus obsoletus: P., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

Curaeus aterrinus (hang-ncst): X., Plimmer, 1915, Chili. 

Cyanerpes cyaneus =(Coereba cyanea). 

Cyanistes caeruleus — (Par us caeruleus). 

Cyanocitta cristata (jay): T. confmum, Liihe, 1906 {T. avium, Novy and McNeal, 
1905, North America). 

Cyanocorax crysopsf: JL, Lutz and Meyer (quoted by Pinto, 1925), Brazil. 
Cyanops flavifrons (barbet): //., Plimmcr, 1916, Ceylon. Plimmer, 1914, Ceylon. 
(Cyanospiza ciris) —Passer ina ciris (painted bunting): X., Plimmer, 1916, North 
America. 

(Cyanospiza leclancheri) =PasserinalecIancheri (bunting) :P., Plimmcr, 1912, Mexico. 
Cygnus melanocoryphus =(Cygnus nigricollis). 

(Cygnus nigricollis) ^Cygnus melanocoryphus (black-necked swan): P., Schaudinn, 
quoted by Prowazek, 1911, Zoological Gardens, Berlin. 

Cypselus apus=(Apus apus) (swift): T. cypseli, Franchini, 1923, Italy; Rudovsky, 
1923, Europe. 

Dacelo gigas (kingfisher, laughing jackass): P., Johnston, 1910, Australia; AVelsh 
and Priestley, 1911, Australia. 

Dacnis cyana (American creeper): P., Plimmer, 1912, South America. 

Dendrocitta rufa ^ (Dendrocitta vagabunda). 

(Dendrocitta vagabunda) = Dendrocitta rufa (magpie): T. and P., Plimmer, 1913, 
India. 

Dendrocopus villosus =^(Dryobates villosus). 

Dicaeum hirundinaceum (flower pecker): P., Cleland, 1915, Australia. 

Dicruropsis bracteata =(Chibia bracteata). 
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(Dryobates villosus) =Dendrocopus villosus (hairy woodpecker) : T., Novy and McNoal, 
1905, North America. 

Duck : L, anatis, Wickware, 1915, Canada. 

Dupetor flavicollis — (Ardetta davicollis). 

Eclectus pectoralis (red-sided parrot): H,, Plirnmer, 1912, New Guinea. 

Elainea albiceps (tyrant bird): Hg, (Tx.) sp., Carini and Maciel, 1916, Brazil. 

Elanus coeruleus (kite): T., Bettencourt and Franca, 1907, Portugal. 

Elanus h 3 rpoleucus — Falco hypoleucus. 

Emberiza cia (bunting): //., GaUi-Valerio, 1902, Europe. 

Emberiza cirlus (cirl bunting): //., Schaudinn, quoted by Prowazek, 1911, Italy. 
L. camhournaci, Fran 5 a, 1912, Portugal. 

Emberiza citrinella (yellow-hammer): T,, Petrie, 1905, England. P, and II., Wasie- 
lewski, 1908, Germany. ^ 

Emberiza elegans (bunting): 77. , Ogawa, 1911, Japan. 

Emberiza fucata (bunting): 7^., Plirnmer, 1913, India. 

Emberiza melanocephala (bunting): 77., Cardaniatis, 1909, Greece. 

(Emberiza projer) -Miliaria miliaria (common bunting): 77., Galli- Valerio, 1902, 
Europe. 7^, Wasielewski, 1902, Germany. 

(Emberiza variabilis) — Tisa variabilis (bunting) : L., Ogawa, 1911, Japan. P., Ogawa, 
1912, Japan. 

Enneoctonus collurio -(Lanius collurio). 

Entomyza cyanotis (honey-sucker): T. anellohice, H. and L. anellobice, Cleland and 
Johnston, 1911, Australia. 

Eophona melanura === (Coccothraustes melanura). 

(Eos ricinata) -Eos variegata (lory): H., Plirnmer, 1915, Aru Isles. 

Eos variegata = (Eos ricinata). 

Ephippiorhynchus senegalensis (saddle-billed stork): 77., Wenyon, 1909, Sudan. 
(Erithacus luscinia) -iEdon megarhyncha (nightingale): 77., Ziemann, 1898, Italy. 
(Erithacus phoenicurus) =Phoenicurus phoenicurus (redstart); T., Nieschulz, 1921, 
1922, Heligoland. 

Erithacus rubecula = (Sylvia rubecula) (robin): P., Bettencourt and Franca, 1907, 
Portugal; Nieschulz, 1921, 1922, Heligoland. 77., Wiilker, 1919, Macedonia. 
(Erythrocnema unicincta) =Parabutes unicinctus (buzzard): 77., Iturbe and Gonzalez, 
1916, Venezuela. 

Erythropus vespertinus (red-footed falcon): 77., Danilewsky, 1889, South Russia. 
Erythrura prasina (weaver finch): 77., Plirnmer, 1912, Sumatra. 

Erythrura psittacea (weaver finch): 77., Plirnmer, 1912, New Caledonia. 

Estrilda angolensis (weaver finch): T., Fantham, 1919, South Africa. 

Estrilda cinerea (weaver finch): 77., Leger, A. and M., 1914, Niger. P. and 77., 
Z.S., 1925, West Africa. 

Estrilda estrilda (weaver finch): T. johnstoni, Dutton and Todd, 1903, Gambia. 
(Estrilda melpoda) =^sporaeginthus melpodus (waxbill); T., Plirnmer, 1912, Australia; 
and P., Plirnmer, 1912, West Africa. 

(Estrilda phoenicotis) — Uraeginthus phcenicotis (waxbill): P., Marullaz, 1912, Africa; 
P, andP., Z.S., 1925, Gambia. 

Eudynamis cyanocephala (cuckoo): 77,, Breinl, 1913, West Australia. 

Euethia canora -=(Phonipara canora). 

Eulabes intermedia (Gracula intermedia). 

Eulabes javanensis (Malay grackle): 77., Z.S., 1925, Malacca. 

Eulabes religiosa (Gracula religiosa) : 7\, Z.S., 1925, South India. 

Eunetta falcata (falcated teal) : L., Plirnmer, 1914, Siberia. P., Plirnmer, 1915, Siberia. 
Euphagus carolinus=(Scolecophagus carolinus). 

Euphonia violacea (tanager): H, andP., Iturbe and Gonzalez, 1916, Venezuela. 
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(Euplectes orix) =Pyromelana orix (weaver finch): //., Plimmer, 1912, West Africa. 
Eupodotis arabs (Sudan paauw): H., Z.S., 1925, Sudan. 

Eurillas virens =(Andropadus virens). 

Eurystomus afer (roller): T. andZ-., Zupitza, 1909, Cameroons. 

Eurystomus gularis (roller): T, eurystomi, K6randel, 1909, 1912, French Congo. 

L. eurystomi, K^randel, 1909, 1913, French Congo. 

Euxenura maguari (stork): H., Carini and Maciel, 1916, Paraguay. 

Excalfactoria chinensis (Chinese-painiod quail): H., Z.S., 1925, China. 

(Falco circa^tus) ==Circsetus cinereus (serpent eagle): II. and Z., Rodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian Congo. 

Falco hypoleucus ^Elanus hypoleucus (falcon): T., Breinl, 1913, West Australia. 
P., Breinl, 1912, West Australia. 

(Falco nisus) =^Accipiter nisus (sparrow hawk): L., Singareva (SchingarefP), 1910, 
Russia. 

Falco peregrinus (peregrine falcon): 1/., Ogawa, 1911, Japan. 

(Falco sparverius) =-Cerchneis sparveria (American kestrel): //., Leger, 1918, G-uiana. 
(Falco tinnunculus) -Cerchneis tinnunculus (kestrel): T., Wasielewski, 1908, Ger- 
many. Schaudinn, quoted by Prowazek, 1911, Germany. //., Wasie- 
lewski, 1908, Germany; Schaudinn, quoted by Prowazek, 1911, Germany; 
Wiilker, 1919, Macedonia; Grassi and Feletti*, 1890, Sicily; Pfeiflier, 1890. 
Germany; Franchini, 1923, Italy. P., Sergent, Ed. and Et., 1902, Algeria. 
Falco sp. (falcon): H., Wiilker, 1919, Macedonia. X., Donovan (first record), India. 

Lamblia sanguinis, Gonder, 1910, South Africa. 

Florida caerulea - (Ardea caerulea and [?] Ardea caerulescens). 

Foudia madagascariensis (weaver finch): T., Maya and David, 1912, Mauritius. 
7/., Plimmer, 1913, Madagascar; Maya and l/avid, 1912, Mauritius. X., Maya 
and David, 1912, Mauritius. 

Francolinus bicalcaratus (francolin): X. francoUni, K6randel, 1912, French Congo; 
Leger, A. and M., 1914, Niger. X. franeolini, K^randel, 1909, 1913, French 
(^ongo; Leger, A. and M., 1914, Senegal. 

Francolinus gariepensis (francolin): T., Plimmer, 1912, North Africa. 

Francolinus hubbardi (francolin): T. andX., Ross. P. H., 1911, East Africa. 
Francolinus levaillanti (francolin): T. andX., Plimmer, 1912, South Africa. 
Francolinus mulemae (francolin): H, andX., Minchin, 1910, Uganda, 

Francolinus schuetti ^(Francolinus uluensis schuetti). 

Francolinus sinensis (francolin): X. mesnili and X. Icerandell, Mathis and Leger, 
1909, Tonkin. 

(Francolinus uluensis schuetti) ^Francolinus schuetti (francolin): T. andX., Ross, 
P. H., 1911, East Africa. 

Francolinus sp. (francolin): T., Todd and Wolbach, 1912, Gambia. Z7., Rodhain, 
Pons, Vandenbranden and Bequaert, 1913, Belgian (\>ngo. X., Wenyon, 1909, 

Sudan; Todd and Wolbach, 1912, Gambia; Rodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

(Fringilla cannabina) =^Linaria cannabina (linnet): 77., Wasielewski, 1908, Germany; 
Cardamatis, 1909, Greece. 

(Fringilla carduelis) = Carduelis carduelis (goldfinch): T. and F., Sergent, Ed. and 
Et., 1904, Algeria. P., Sergent, Ed. and Et., 1904, Algeria; Koch, 1899, Italy; 
Wasielewski, 1908, Germany. 

(Fringilla citrinella) =Spinus citrinellus (siskin) :P., Schaudinn, quoted by Prowazek, 
1911, Italy. 

Fringilla coelebs (chaffinch): T. fringillinarum. Woodcock, 1910, England; Ziemann, 
1898, Heligoland; Bettencourt and Fran9a, 1907, Portugal; Petrie, 1905, Eng- 
land. 77. fringillcB, Labb^, 1894, Europe. 7/., Ziemann, 1898, Heligoland; 
Cardamatis, 1909, Greece; Woodcock, 1909, England; Wasielewski, 1896 
and 1908, Germany; Labb6, 1894, France; Grassi and Feletti, 1890, Sicily; 
Laveran, 1890, France. X. fringillinarum. Woodcock, 1910, England; 
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Sohaudinn, quoted by Prowazek, 1911, Berlin. P., Wasielewski, 1902 and 1908, 
Germany; Labb6, 1894, France. 

(Fringilla kawahahiba minor) =Ligurinus minor (Japanese greenfinch): R, and X., 
Ogawa, 1911, Japan, 

(Fringilla linota) -Linaria cannabina (linnet): P., P., andP., Sergent, Ed. and Et., 
1904, Algeria. 

Fringilla montifringilla (brambling); X., Z.S., 1925, Britain. 

(Fringilla petronia) ==Petronia petronia (rock sparrow): T. laverani, Leger, 1913, 
Corsica. P., Le^er, 1913, Corsica; Cardamatis, 1909, Greece. X. gentili, 
Leger, 1913, Corsica. 

(Fuligula baeri) =A 3 rthya baeri (Baer’s pochard): P., Plimmer, 1912, India. 

Fuligula marila (scaup duck): X., Plimmer, 1912, Europe. 

Galerida cristata - (Alauda cristata). 

(Gallinago ccelestis) =Gallinago gallinago (snipe): P., Wulkor, 1919, Macedonia. 

Gallinago gallinago =( Gallinago coelestis) (snipe): P., Franchini, 1924, Italy. 

Gallinula chloropus (moor-hen): X., Coles, 1914, England. 

(Gallus bankiva) — Gallus gallus (jungle fowl): X. schoutedeni, Rodhain, Pons, 
Vandenbranden and Beqiiaeri, 1913, Belgian (’ongo. 

(Gallus domesticus) =^Gallus gallus (fowl, domestic variety): T. calmettei, Mathis and 
Leger, 1909, Tonkin. T. gallinarum, Bruce and Coles, 1911, Uganda; Duke 
and Robertson, 1912, Uganda. P., Prowazek, 1912, Sumatra. L. enulleryi 
and X. sahrazesi, Mathis and Leger, 1909, Tonkin. X. schuffneri, Prowazek, 
1912, Sumatra. Hasmotrichomonas gallinarum, Martoglio, 1917, Eritrea. 

(Gallus ferrugineus) —Gallus gallus (jungle fowl): X., Mathis and Leger, 1911, 
Tonkin. 

Gallus gallus = (Gallus bankiva = Gallus domesticus —Gallus ferrugineus) (fowl): 
P., Plimmer, 1913, Malay. 

Gallus varius (jungle fowl):P. or P., Z.S., 1925, West Africa. 

Garrulax albigularis (babbler): P., Plimmer, 1913, India. 

Garrulax leucolophus (babbler) :P., Plimmer, 1912, N'orth India. 

Garrulus glandarius (common jay): P., Bettencourt and Franga, 1907, Portugal; 
Coles, 1914, England. P., (’oles, 1914, England; Wasielewski, 1886, Germany; 
Wiilker, 1919, Macedonia; Danilewsky, 1898, South Russia (?); Labb6, 1894, 
Franco (?); Laveran, 1890, France. X. lavemni. Franca, 1912, Portugal; Coles, 
1914, England; Wiilker, 1919, Macedonia; Franchini, 1924, Italy. P., P., X., 
and P., Boing, 1925, Germany. 

Garrulus japonicus (jay): P., P., andX., Ogawa, 1911, Japan. 

(Garrulus lanceolatus) =Laletes lanceolatus (jay): P., Plimmer, 1914, India. 

Garzetta garzetta (little egret): P., Franchini, 1924, Italy. 

(Geocichla lunulata) =^Oreocichla lunulata (thrush): P. geocichlw, (leland and John- 
ston, 1909, Australia. 

(Geocichla varia) =Oreocichla varia (thrush): P. geocichlaSy Cleland and Johnston, 
1909, Australia; Ogawa, 1911, Japan. X., Ogawa, 1911, Japan. 

Geopelia striata (dove): P., P., andX., Maya and David, 1912, Mauritius. 

Geranospizias gracilis (hawk): P., Iturbe and Gonzalez, 1916, Venezuela. 

Gerygone albigularis (fly-catcher) : //., Cleland, 1915, Australia. 

Glareola pratincola (pratincole): P., Plimmer, 1913, India. 

Glaucidium cuculoides = (Athene cuculoides). 

Glaucidium perlatum (owl): P. and P., Leger, A. and M., 1914, Niger. 

(Gracula intermedia) =Eulabes intermedia (wattled starling): P., Plimmer, 1916, 
North India. 

(Gracula religiosa) =Eulabes religiosa (wattled starling) :P., Plimmer, 1912, India. 

Grallaria imperator (ant bird): P., Carini and Botelho, 1914, Brazil. 

Grallina picata (magpie lark): P., Cleland and Johnston, 1911, Australia. 
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Grus japonensis (crane): F., Plimmer, 1912, North China. 

Guttera pucherani (guinea-fowl): T, and L„ Keysselitz and Mayer, 1909, West 
Africa. 

Gymnorhina leuconota (shrike): H,, Plimmer, 1912, Australia. 

G 3 rmnorhis flavicollis (finch): 77., Plimmer, 1913, India. 

Gypagus papa (turkey vulture): Hg. (Tx,) sp., Carini and Maciel, 1916, Brazil. 

(GypogeraMs serpentarius) Serpentarius serpentarius (secretary bird): 7/.,Carpano, 

(Hadrostomus rufus) ^Pachyrhamphus rufus (American chatterer): 77., Carini and 
Maciel, 1916, Paraguay. 

Halcyon senegalensis (kingfisher): T., Zupitza, 1909, Cameroons. 

Haliaetus leucoryphus (Palla’s fishing eagle): 77., Z.S., 1925, India. 

Haliafetus vocifer (eagle): L. audieri, Laveran and Nattan-Larrier, 1911, French 
Congo. 

Haliaster girrenera (kite): T. and 77., Breinl, 1913, West Australia. 

(Harporhynchus rufus) =Toxostoma rufum (mocking bird): T., Novy and McNeal, 
1905, North America. 

Hedydipna plat 3 rura -(Nectarina platyura). 

Hed 3 miela atricapilla =(Muscicapa atricapilla). 

(Hedymeles ludovicianus) -^Zamelodia ludoviciana (finch): 77., Plimmer, 1912, North 
America. 

Helodromas ochropus (green sandpiper): 77. andZ., Franchini, 1924, Italy. 

Herodias alba (heron): 77., Rodhain, Pons, Varidenbranden and Bequaert, 1913, 
Belgian Congo. 

Heterospizias meridionalis (hawk): T. guyaneme, Mesnil, 1912; Brimont, 1912, 
Guiana. 

Hirundo rustica (common swallow): T., Petrie, 1905, England; Franchini, 1923, 
Italy; Z.S., 1925, Europe. 77., Galli- Valerio, 1902, Europe; Franchini, 1923, 
Italy. 

Hirundo sp. (swallow): 77. danilewskyi var. hirundinis, Sergent, Ed. and Et., 1905, 
Algeria. 

Houbara macqueeni (bustard): 77., Plimmer, 1912, West Asia. 

Huhua poensis - (Bubo pcensis). 

Hylocichla musica - (Turdus musicus — Turdus philomelos). 

Hylocichla mustelinus ^ (Turdus mustelinus). 

Hyphantornis cucullatus - (Hyphantornis textor) (weaver-finch): T., H., and Z., 
Leger, A. and M., 1914, Senegal. P., Z.S., 1925, West Africa. 

(Hyphantornis melanocephala) =Sitagra melanocephala (weaver bird): T, botiffardi 
and Z. hoiijfardi, Leger and Blanchard, 1911, French Sudan. P., Leger and 
Blanchard, 1911, Senegal. 

(Hyphantornis personata) = Sitagra luteola (Lichtenstein's slender-billed weaver) 
77., Z.S., 1925, West Africa. 

Hyphantornis spilonotus (weaver-finch): 77., Plimmer, 1912, Africa. 

(Hyphantornis taeniopterus) =Sitagra intermedius (weaver bird): H,, Wenyon, 1909, 
Sudan. 

(Hyphantornis textor) ^Hyphantornis cucullatus (weaver finch): 77.. Plimmer, 1913, 
Gambia. 

Hypolais icterina - (Sylvia h 3 rpolais). 

Hypsipetes amaurotis (bulbul): 77. andZ., Ogawa, 1911, Japan. 

lanthocincla rufigularis (rufous-chinned laughing thrush): Z., Z.S., 1925, India. 

Ibis aethiopica (ibis): 77., Minchin, 1910, Uganda. 

Icterus baltimore - (Icterus galbula). 

(Icterus galbula) =^Icterus baltimore (hang-nest): T. confusum, Liilie, 1906 (T. avium, 
Novy and McNeal, 1905, North America). 



1376 


BLOOD PARASITES 


Icterus jamaicai=^(Chantornus jamaicai) (hang-nest): T., Plimmer, 1914, Brazil. 
P., Plimmer, 1912, Brazil. 

(Ixus hainanus) ^Pycnonotus hainanus (bulbul): T. hrimonti andP. hrimonti, Mathis 
and Leger, 1910, Tonkin. 

lynx torquilia (wryneck): H., Wiilker, 1919, Macedonia; Ogawa, 1911, Japan, H. 
andP., Franchini, 1924, Italy. 

(Lagonosticta minima) -Lagonosticta senegala (weaver finch): T., Leger, A. and M., 
1914, Niger. 

Lagonosticta senegala = (Lagonosticta minima) (weaver finch): T. lagonoslicim, 
MaruUaz, 1914, Africa. 77., Commes, 1918, Niger. P., Marullaz, 1912,. 
Africa. 

Lagopus scoticus (grouse): 11, mansoniy Sambon, 1907, England; Fantham, 1910, 
England. P. lovatiy Sambon, 1907, British Isles; Fantham, 1910, British 
Isles. 

Laletes lanceolatus - (Garrulus lanceolatus). 

Lamprocolius australis (Burchell’s glossy starling) :P. prcecor,, Z.kS., 1925, South Africa. 
Lamprocolius purpureus (tree starling): P., Leger, A. and M., 1914, Niger. 
(Lamprotornis aeneus) =Lamprotornis caudatus (tree starling): P., Plimmer, 1912,. 
West Africa. 

Lamprotornis caudatus - (Lamprotornis aeneus). 

Lamprotreron superba — (Ptilopus superbus). 

(Laniarius cruentus) == Rhodophoneus cruentus (shrike): P., Neave, 1906, Sudan. 
(Lanius auriculatus) -Phoneus auriculatus (shrike): P., Leger, A. and M., 1914, Niger. 
(Lanius bucephalus) =Cephalophoneus bucephalus (shrike): P. and //., Ogawa, 1911,. 
Japan. 

(Lanius collurio) - Enneoctonus collurio (red-backed shrike): P., kS jobring, 1899,. 
Sweden, /i., Ziemann, 1 898, H eligoland ; Wasielewski, 1 908, Germany ; Wiilker. 
1919, Macedonia. P., //., P., andP., Boing, 1925, Germany. 

Lanius excubitor (great grey shrike): P., Oardamatis, 1910, Greece. P., Schaudinn. 
quoted by Prowaz^, 1911, Germany. 7/., Danilewsky, 1889, South Eussia; 
Oardamatis, 1909, Greece; Sergent, Ed. and Et.. 1904, Algeria; Wiilker, 1919, 
Macedonia. P., II., P., and P., Boing, 1925, Germany. 

Lanius minor (shrike): 77., Danielewsky, 1889, South Russia; Oardamatis, 1909, 
Greece. 

(Lanius rufus) - Phoneus rutilus (shrike): H., Danilewsky, 1889, South Russia. 
(Lanius schach) ^^Cephalophoneus schach (shrike): H., Mathis and Leger, 1910, 
Tonkin. 

Lanius sp. (shrike): 77.. Schaudinn, quoted by Prowazek, 1911, Italy; Wiilker, 1919. 

Macedonia. P., Schaudinn, quoted by Prowazek, 1911, Italy. 

Larus cachinnans (gull): H., Reichenow, 1913, Europe (!). 

Larus cirrhocephalus (gull): H,, Thiroux, 1911, Senegal. 

Larus ridibundus =(Chroicocephalus ridibundus). 

Leistes guianensis (hang-nest): P., Plimmer, 1912, Guiana. 

Leptoptilus crumeniferus (marabou stork): H, erumenium, Hirst, 1905, and Z.S., 1925, 
Africa. 

Leptoptilus sp. (stork): 77., Mathis and Leger, 1910, Tonkin. 

Leucophoyx candidissima - (Ardea candidissima). 

Leucopternis albicollis ==(Urubitinga albicollis). 

Ligurinus chloris = (Chloris chloris =Chloris hortensis == Passer chloris) (greenfinch): 

Tx., Noller, 1923, Berlin. 

Ligurinus minor == (Fringilla kawahahiba minor). 

Linaria cannabina = (Fringilla cannabina == Fringilla linota == Linota cannabina). 
(Linota cannabina) =Linaria cannabina (linnet): P., Bettencourt and Franga, 1907, 
Portugal. 

Linota rufescens (finch): T, fringillinarum. Woodcock, 1910, England. 
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Liothrix luteus (babbler): T, liothricis, L. liothricis, andP. tenue, Laveran and Marul- 
laz, 1914, Japan. P., Z.S., 1926, India. I/., Knowles, 1926, India. 

Lissotis maculipennis — (Otis maculipennis). 

Lissotis melanogaster =(Otis melanogaster) (bustard): P., Todd and Wolbach, 

1912, Gambia. 

Lophoceros fasciatus (hornbill): T., Zupitza, 1909, Cameroons. 

Lophoceros nasutus (hornbill): T., Todd and Wolbach, 1912, Gambia. 

Loriculus galgulus (parrot): T., Plimmer, 1913 and 1914, Malay. //., Plimmer, 1912, 

1913, 1914, and 1916, Malay and Malacca. 

Loriculus indicus (Ceylon loriquet): Z/., or P., Z.S., 1926, Ceylon. 

Lorius domicella (lory): P., Plimmer, 1912, Moluccas. 

Lorius flavopalliatus (lory): P., Plimmer, 1917, Batchian. 

Loxia curvirostra (crossbill): T, loxice, Noller, 1920, Germany. P., Wasielewski, 
1908, Germany; Plimmer, 1913, Europe. P., Plimmer, 1913, Europe. 

Lullula arborea (Alauda arborea). 

(Luscinia phoenicurus) =Phaenicurus phoenicurus (redstart): P., Sjobring, 1912 
Sweden. 

Luscinia sp. (nightingale): II. andP., Sergent, Ed. and Et., 1904, Algeria. 

Lyrurus testrix (blackgame): P., P., X., andP., Boing, 1925, Germany. 
Machlolophus xanthogenys (tit): P., Plimmer, 1912, India. 

Macrocorax fuscicapillus (crow): P., Plimmer, 1915, Aru Isles. 

Malimbus nitens (Gray’s malimbe): P. or P., Z.S., 1925, West Africa. 

Megalurus gramineus (warbler): P., Breinl, 1913, West Australia. 

Melaenornis edoloides (fly-catcher): //., Commes, 1918, Niger. 

Meleagris gallopavo (turkey, domestic): H. sp., Macfle, 1916, West Africa. L. 

smithi, Laveran and Lucet, 1 905, Europe. 

Melierax gabar (chanting goshawk): H. andX., Leger and Husnot, 1912, Senegal. 
Meliornis novae-hollandas (honey-sucker): II. meliornis, Cleland and Johnston, 1909, 
Australia. 

Melithreptes atricapillus (honey-sucker): P., Johnston, 1910, and Cleland and 
Johnston, 1910, Australia. 

Melithreptes validirostris ( honey- sucker ) : H,, Cleland, 1915, Australia. 
Melittophagus variegatus (bee-eater): P., Zupitza, 1909, Cameroons. 

Melopelia leucoptera (dove): P. melopelice, Laveran and Pettit, 1909, Australia. 
Melophus melanicterus (bunting): P. andP., Plimmer, 1913, India. 

(Melospiza fasciata) — Melospiza melodia (American song sparrow): P., Novy and 
McNeal, 1906, North America. //., Opie, 1898, North America; Galli- Valerio, 
1902, Europe. 

Melospiza georgiana (American song sparrow); P., Galli Valerio, 1902, Europe. 

P., Opie, 1898, North America. 

Melospiza melodia (Melospiza fasciata). 

Merops albicollis (bee-eater): P. and //., Minchin, 1910, Uganda. 

Merops apiaster (European bee-eater): P., Wiilker, 1919, Macedonia. 

Merops ornatus (bee-eater): P., Cleland and Johnston, 1911, Australia. 

Merula albiventer =(Planesticus albiventer). 

Merula boulboul (thrush) :7\, Plimmer, 1916, India. 

Merula fumigata = (Turdus fumigatus). 

Merula merula = ( Merula vulgaris) (blackbird): P., Petrie, 1905, England; Fran 9 a, 
1912, Portugal; Coles, 1914, England; Franchini, 1923, Italy. P., Coles, 1914, 
England. L. mirandce, Fran 9 a, 1912, Portugal; (^oles, 1914, England; Wiilker, 
1919, Macedonia. 

(Merula migratoria) =Turdus migratorius (American robin, thrush): P. confusum, 
Liihe, 1906 (P. avium, Novy and McNeal, 1905, North America). P. vaugham, 
Novy and McNeal, 1904, North America. 

II. 
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Merula rufiventer =(Turdus rufiventris). 

(Merula vulgaris) =Merula merula (blackbird): T, and //., Coles, 1914, England. 

Mesia argentauris (babbler): H,, Plimmer, 1913, India. 

Microeca fascinans (fly-catcher): T. anellohice and H., Cleland and Johnston, 1911, 
Australia. 

Miliaria miliaria ^(Emberiza projer). 

Milvago chimachima (carrion hawk): Jff., Iturbe and Grongalez, 1916, Venezuela. 

Milvus aegyptus (kite): L., Neave, 1909, Central Africa. 

Milvus govinda (kite): T. milvi, Stephens and Christophers, 1908, India; Donovan, 
quoted by Thiroux, 1905, India. 

Milvus korschun = (Milvus migrans). 

(Milvus migrans) Milvus korschun (black kite) : H,, Danilewsky, 1889, South Kussia ; 
Eodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo. X., 
Eodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian Congo, 

Milvus milvus (common kite): T., H., andX., Boing, 1925, Germany. 

Mimeta sagittata -(Oriolus Sagittarius). 

(Monedula monedula) ^Colaeus monedula (jackdaw): L., Singareva (SchingarefI), 
1910, Kussia. 

(Monedula turrium) -Colaeus monedula (jackdaw): H,, Danilewsky, 1889, South 
Kussia. 

Monticola saxatilis (rock thrush): //., L,, andP., Wiilker, 1919, Macedonia. 

Motacilla alba (white wagtail): P., Franchini, 1924, Italy. 

Motacilla flava =(Bud 3 rtes flavus). 

Motacilla sp. (wagtail); T., Bettencourt and Fran 9 a, 1907, Portugal. 

Munia maja (white-headed mannakin):P. prcecox, Z.S., 1925, Malacca. 

Munia orizivora = (Padda orizivora) ; 1/., Z.S., 1925, Java. 

Munia topela (weaver finch): H, and L. rouhaudi, Mathis and Leger, 1910, Tonkin. 

(Muscicapa atricapilla) = Hedymela atricapilla (pied fly-catcher): T., Bettencourt 
and Franca, 1907, Portugal; Nieschulz, 1921, 1922, Heligoland. 

Muscicapa grisola (spotted fly-catcher): P., Cardamatis, 1909, Greece. 

Muscicapa sp, (fly-catcher): P., Wiilker, 1919, Macedonia. 

Muscivora tyrannus (tyrant bird): P., Carini and Maciel, 1916, Paraguay. 

Musophaga rossae (turaco): P., Minchin, 1910, Uganda. 

Mycteria americana ; P., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

Myiagra nitida (fly-catcher): P., Cleland and Johnston, 1910, and Johnston, 1910, 
Australia. 

Myiozetetes similis =(Myiozetetes texensis). 

(Myiozetetes texensis) = Myiozetetes similis (tyrant bird): P., Iturbe and Gonzalez, 
1916, Venezuela. 

Myzantha garrula (honey-sucker): P. andX. anellohice, Cleland and Johnston, 1911, 
Australia. 

Myzomela sanguineolenta (honey-sucker); P. andP. anellohice, Cleland and Johnston, 
1911, Australia. 

Necrosyrtes monachus = (Neophron monachus) (hooded vulture): P., Z.S., 1925, 
Gambia. 

(Nectoina platyura) =Hedydipna platyura (sunbird): P., Leger, A. and M., 1914, 
Niger. 

Nectarinasp. (sunbird): T,, Zupitza, 1909, Cameroons. 

(Neophron monachus) = Necrosyrtes monachus (hooded vulture): P., Todd and 
Wolbach, 1912, Gambia; Leger, A. and M., 1914, Niger. 

Neophron percnopterus (vulture): T., Neave, 1906, Sudan. 

Nettion castaneum (teal): P. nettionie, Johnston and Cleland, 1909, Australia. 

Nettion crecca =(Querquedula crecca). 

Nettopus coromandelianus (cotton teal): P., Plimmer, 1915, India. 
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Ninox boobook (owl): T., Breinl, 1913, West Australia. R,, Cleland and Johnston, 
1910, Australia. R. noctuce, Breinl, 1913, West Australia. 

Ninox strenua (owl): //., (Mand, 1915, Australia. 

Notophoyx novse-hollandiae (heron): T. and H., Breinl, 1913, West Australia. 
Nucifraga caryocatactes (nut-cracker) :P., Plimmer, 1912, Europe. 

Numida meleagris (guinea-fowl): T. numidce, Wenyon, 1909; K6randel, 1909, French 
Congo. H., Todd and Wolbach, 1912, Gambia; Kerandel, 1909 and 1913, 
Congo. X., K6randel, 1909, French Congo; Franchini, 1924, Italy. 

Numida ptilorhyncha (guinea-fowl): T, Wenyon, 1909, Sudan. H.,Minchin, 
1910, Uganda; Wenyon, 1909, Sudan; Bodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. X. neavei, Balfour, 1906, Sudan; Minchin, 

1910, Uganda; Eodhain, Pons, Vandenbranden and Bequaert, 1913, Belgian 
Congo; Wenyon, 1909, Sudan. P., Minchin, 1910, Uganda; Wenyon, 1909, Sudan. 

Numida sp. (guinea-fowl); T.,P., X., and //., Boss, P. H., 1911, East Africa. 
Nyctanassa violacea (heron): T. ardea, Leger, 1918, Guiana. P. (?), Z.S., 1925, 
America. 

(Nycticorax gardenia) ^Nycticorax nycticorax (night heron): T. nycticoracis, Stephens 
and Christophers, 1908; de Cerquoira, 1906, Brazil; Aragao, 1906, Brazil, 
ii., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

Nycticorax nycticorax =- (Nycticorax gardenia) (night heron): 77., Franchini, 1924, 
Italy. X., Aubert and lleckenroth, 1911, French ('ongo; Franchini, 1924, Italy. 
Odontophorus capueira : 77., Lutz and Moyer (quoted by Pinto, 1925), Brazil. 
Onopopelia humilis — (Turtur humilis). 

Oreicola ferrea (chat): X., Plimmer, 1913, India. 

Oreocichla lunulata = (Geocichla lunulata) (thrush): 77., Cleland and Johnston, 

1909, Australia. 

Oreocichla varia ^-(Geocichla varia). 

Oriolus galbula (golden oriole): //., (Jardamatis, 1909, Greece. X., Cardamatis, 

1911, Greece. 

(Oriolus Sagittarius) -Mimeta sagittata (Australian oriole): T. anellohiw, H. and 
L. anellohife, (Ueland and Johnston, quoted by Johnston, 1912, Australia. 
(Orthotomus sutorius) - Sutoria sutoria (tailor bird): T., Mathis and Leger, 1911, 
Tonkin. //., Mathis and Leger, 1910, Tonkin. 

Ortygospizapolyzona (weaver-finch) :7^, Plimmer, 1915, South Africa. 

(Otis maculipennis) -Lissotis maculipennis (bustard) :P. and //., Boss, P. 11. , 1911, 
East Africa. 

(Otis melanogaster) ^Lissotis melanogaster (bustard): 77., Bodhain, Pons, Vanden- 
brariden and Bequaert, 1913, Belgian Congo. 

(Otis tetrax) - Tetrax tetrax (little bustard): P. andX., Wiilker, 1919, Macedonia. 
Otocompsa emeria - (Pycnonotus jocosus). 

(Otus brachyotus) -Asio accipitrinus (short-eared owl): P. andX., Schaudinn, quoted 
by Prowazek, 1911, Germany. 

(Otus vulgaris) - Asio otus (long-eared owl): P., Danilewsky, 1889, South Bussia. 
Owl: X., Berestneff, 1904, Bussia; Lutz and Meyer, 1908, Brazil; Ziemann, 1902 
Cameroons. 

Pachyrhamphus polychropterus (American chatterer); P., Carini and Maciel, 1916, 
Paraguay. 

Pachyrhamphus rufus =^(Hadrostomus rufus). 

(Padda orizivora) =Munia orizivora (weaver bird, Java sparrow): T. paddce, Laveran 
and Mesnil, 1904, Asia; Levaditi, 1904, Asia; Thiroux, 1905, Asia; Anschutz, 

1910, Asia. H. oryzivorcB, Anschutz, 1909 and 1910, Asia; Plimmer, 1915, 
Java; Thiroux, 1911, Africa; Woodcock, 1910 (?), imported to England; Sergent, 
Ed. and Et., 1904, imported (?) Algeria. P., Mayer, 1910, Uganda. 

Palaeornis cyanocephala (p arrot): P., Mathis and Leger, 1910, Tonkin. 

Palseornis fasciata (parrot); P., Plimmer, 1913, India. 

Pandion haliaetus (osprey): P., Danilewsky, 1889, South Bussia. 
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Parabuteo unicinctus = (Erythrocnema unicincta). 

(Paradisea rubra) =Uranornis rubra (red bird of paradise): H., Plimmer, 1916, 
Waigiou Isle. 

Pardalotus melanocephalus (flower-pecker): H., Cleland, 1916, Australia. 

Paroaria capitata: Rg, aragdoi, Raul di Primo, 1925, Brazil. 

Paroaria larvata (finch): Eg. (Tx.) poroarice, Aragao, 1911, Brazil. 

Parotia lawesi (bird of paradise): H,, Plimmer, 1912, New Gruinea. 

(Parus ater) =Periparus ater (coal tit): H., Gralli-Valerio, 1902, Europe. 

(Parus caeruleus) =Cyanistes caeruleus (blue tit): L, majoris, Fran9a, 1912, Portugal. 
H,, Wasielewski, 1908, Germany. 

Parus major (great tit): L, majoris, Laveran, 1902, France; Wiilker, 1919, Mace- 
donia; Franga, 1912, Portugal. X., Franchini, 1924, Italy. H., Wasielewski, 
1908, Germany. 

(Parus palustris) =Poecile palustris (marsh tit): H., Galli- Valerio, 1902, Europe. 
(Passer arcuatus) =Passer melanurus (sparrow): H,, Plimmer, 1912 and 1913, South 
Africa. 

(Passer chloris) =Ligurinus chloris (greenfinch): E., Sergent, Ed. and Et., 1904, 
Algeria. L. scabas. Franca, 1912, Portugal; P., Sergent, Ed. and Et., 1904, 
Algeria. 

Passer domesticus (house sparrow): P., Novy and McNeal, 1905, North America; 
Bettencourt and Franca, 1907, Portugal. T. mayw, Maya and David, 1912, 
Mauritius. E,, Opie, 1898, North America; Maya and David, 1912, Mauritius; 
Wasielewski, 1908, Germany; Cardamatis, 1909, Greece; Schaudinn, quoted by 
Prowazek, 1911, Italy; Franchini, 1923, Italy; Petrochi and Zuccarini, 1925, 
Buenos Aires. X., Maya and David, 1912, Mauritius; Huge, 1901, Germany; 
Frosch, 1901, Germany. P., Grass! and Feletti, 1891, Europe; Opie, 1898, 
North America; Petrochi and Zuccarini, 1925, Buenos Aires. P. passeris, 
Johnston and Cleland, 1909, Australia; Koch, 1899, Italy; Schaudinn, quoted by 
Prowazek, 1911, Germany; Wasielewski, 1902, Germany. Tx., Noller, 1923, 
Berlin. 

Passer hispaniolensis (Spanish sparrow): //., Grass! and Feletti, 1890, Sicily. P., 
Grassi and Feletti, 1890, Italy. 

Passer italiae (Italian sparrow): E., Ziemaim, 1898, Italy; Celli and San Felici, 1891, 
Italy; Schaudinn, quoted by Prowazek, 1911, Italy; Franchini, 1924, Italy. 
Tx., Franchini, 1924, Italy. 

Passer melanurus — (Passer arcuatus). 

Passer montanus (tree sparrow); T., Mine, 1914, Japan. ZZ., Mine, 1914, Japan; 
Grassi and Feletti, 1890, Sicily; Franchini, 1924, Italy. X., Mine, 1914, Japan. 
P., Wasielewski, 1902, Germany; Mine, 1914, Japan. Tx,, Franchini, 1924, 
Italy. 

Passer sp. (?) (sparrow); T,, Sergent, Ed. and Et., 1904, Algeria. E, passeris, 
Celli and Sah Felici, 1891, Europe. E. rouxi, Novy and McNeal, 1904, North 
America. E,, Sergent, Ed. and Et., 1904, Nigeria; Wenyon, 1911, Bagdad. 
P., Sergent, Ed. and Et., 1904, Algeria; Mine, 1914, Japan; Ross, R., 1897-1899,. 
India. Tx. (?), Adie, 1908, Punjab. 

Passerina ciris = (Cyanospiza ciris). 

Passerina leclancheri (Cyanospiza leclancheri). 

Pavo cristatus (peacock): X. martini, Mathis and Leger, 191 1* Tonkin. 

Penelope obscura .* E., Lutz and Meyer (quoted by Pinto), 1925, Brazil. 

Penelope pileata (red-breasted guan): E., Z.S., 1925, South America. 

Penelope sclateri ~(Crax sclateri). ’ 

Penelope superdliaris (guan): E., Carini and Maciel, 1916, Paraguay. 

Penthetria albonotata =(Urobrachya albonotata). 

(Penthetria laticauda) =Coliostruthus laticauda (weaver finch): E., Plimmer, 1913,. 
East Africa. 
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(Perdix cinerea) =Perdix perdix (common partridge): P., Laveran and Lucet, 1906, 
Europe. 

Perdix perdix = (Perdix cinerea): T., J?., X., andP., Boing, 1925, Germany. 

(Perdix rubra) —Caccabis rufa (common red-legged partridge): X., Sergent, Et., 1917, 
Algeria. 

(Pericrocotus elegans) =Pericrocotus speciosus (minivet): XT., Mathis and Leger, 
1910, Tonkin. 

Pericrocotus speciosus = (Pericrocotus elegans). 

Periparus ater =(Parus ater). 

Pernis apivorus (honey buzzard) :P., Danilewsky, 1889, South Russia. 

Petroeca phoenicea (fly catcher): //., Cleland and Johnston, 1911, Australia. 

Petronia petronia =(Fringilla petronia). 

Phalacrocorax africanus (cormorant): i7., Bodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

Phasianus colchicus (pheasant): X. macleani, Sambon, 1908, Europe; T., and 

P., Boing, 1925, Germany. 

Phasianus mongolicus (pheasant): P., Plimmer, 1914, Mongolia. 

(Philemon corniculatus) =^Tropidorhynchus corniculatus (honey-sucker) : H. philemon, 
Cleland and Johnston, 1909, Australia. 

Phoneus auriculatus (Lanius auriculatus). 

Phoneus rutilus =(Lanius rufus). 

Phoenicurus auroreus =(Ruticilla aurorea). 

Phoenicurus phoenicurus = (Erithacus phoenicurus —Luscinia phoenicurus =Ruticilla 
phoenicurus). 

Phoenicurus titys = (Ruticilla tit 3 rs). 

(Phonipara canora) - Euethia canora (finch): P., Plimmer, 1912, Cuba. 

Phylloscopus bonellii (warbler): //., Galli- Valerio, 1902, Europe. 

(Phylloscopus collybita) = Phylloscopus rufa (chiffchaff, warbler): T., Bettencourt 
and Fran 9 a, 1907, Portugal. 

Phylloscopus rufa = (Phylloscopus collybita) (chifPchafP, warbler): 77., Galli- Valerio, 
1902, Europe. 

Phylloscopus sibilator = (Sylvia sibilatrix). 

Phylloscopus trochilus = (Sylvia trochila) (willow warbler): T., Nioschulz, 1921,1922, 
Heligoland. 

Piaya cayana (Piaya cayana macrura). 

(Piaya cayana macrura) == Piaya cayana (cuckoo): T., Carini and Botelho, 1914, Brazil. 

(Pica caudata) =Pica pica (magpie): 77., Danilewsky, 1889, South Russia. P., 
Kruse, quoted by Minchin, 1903. 

(Pica melanoleuca) =Pica pica (magpie): X., Leger, 1917, Europe. 

Pica pica “(Pica caudata-Pica rustica=Pica melanoleuca) (magpie): T., Boing, 
1925, Germany. X. herestneffi, Sambon, 1908, Europe; Sakharoff, 1893. Trans- 
caucasia; Boing, 1925, Germany. 

(Pica rustica) =Pica pica (magpie): X., Wiilker, 1919, Macedonia. 

Pigeon (Columba sp. ?): T. colnmhm, Stephens and Christophers, 1908, India. T. 
hannai, Mello and Braz de Sa, 1916, India. 77., Sergent and B6guet, 1914, 
Algeria; Acton and Knowles, 1914, India; Adie, 1915, India; Gonder, 1916, 
South Africa; Mello and Braz de Sa, 1916, India; Aragao, 1907, 1908, 1916, 
Brazil; Leger, 1918, Guiana; Sergent, Ed. and Et., 1905, Algeria; Negri, 1913, 
Italy. 7^, Carini, 1912, Brazil; Whitmore, 1918, New York. Ilwmotricho- 
monaa columbce, Lanfranchi, 1917, Europe; Ross, P. H., 1911, East Africa. 
Tx» gondii, Arantes, 1911, Brazil. 

Pionus menstrus (red-vented parrot): H,, Z.S., 1925, South America. 

(Pistrornia scops) = Scops scops (scops owl): H,, X., and Tx,, Franchini, 1924, Italy. 

Pitangus maximiliani =(Pitangus sulphuratus maximiliani). 
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Pitangus sulphuratus (tyrant bird): H,, Plimmer, 1914, South America. Bg, (Tx,) 
sp., Carini and Maciel, 1916, Brazil. 

(Pitangus sulphuratus maximiliani) = Pitangus maximiliani (tyrant bird): T., Carini 
and Botelho, 1914, Brazil. H., Iturbe and Gronzalez, 1916, Venezuela. 

Pitta novae-guinese (pitta) :P., Plimmer, 1917, Aru Isles. 

(Planesticus albi venter) =Merula albiventer (thrush): H., Iturbe and Gronzalez, 1916, 
Venezuela. 

Platycercus adelaidae (parrot): 7/., Cleland and Johnston, 1911, Australia. 

Ploceinae sp. (weaver finch): T., Zupitza, 1909, Cameroons. 

Ploceipasser mahali (Smith’s sparrow weaver): P. prcecox, Z.S., 1925, South 
Africa. 

Plotus rufus (darter): i/., Eodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 

Poecile palustris =(Parus palustris). 

Pceocephalus fusicollis (parrot): //., Plimmer, 1912 and 1916, Grambia. 

PoSphila gouldiae (weaver finch): P., Plimmer, 1913, Australia. 

Poliospiza leucopygia=(Crithagra musica). 

Polyborus tharus (carrion hawk): P., Carini and Maciel, 1916, Paraguay. 

Pol 3 rplectron bicalcaratum (peacock pheasant): P., Plimmer, 1914, Malay. 

Polyplectron germaini (peacock pheasant): T. polyplectri. Vassal, 1905, Annam. 

Pomatorhinus superciliosus (scimitar babbler): P., Johnston, 1910, and Cleland 
and Johnston, 1910, Australia. 

Poroaria capitata .* Pgf., aragaoi, Raul di Primo, 1925, Brazil. 

(Porphyrio madagascarensis) =Porph 3 rrio porphyrio (purple gallinule rail): P., 
Plimmer, 1912, Madagaticar. 

Porph 3 rrio porphyrio = (Porphyrio madagascarensis). 

Porzana pusilla (Baillon’s crake): P. porganw, Galli- Valerio, 1907, Tunis. 

Pratincola caprata (chat):P., Plimmer, 1913, India. Tx., Plimmer, 1916, India. 

Pratincola rubetra (whin-chat): P., Galli- Valerio, 1902, Europe; Ziemann, 1898, 
Heligoland. 

Prionops plumata (wood-shrike): L., Leger, A. and M., 1914, Senegal. 

Prionops talacoma (wood-shrike); T. and L., Rodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

Propasser rhodochrous (finch): P. andX., Plimmer, 1917, India. 

Pseudotantalus alba (wood-ibis): P., Leger, A. and M., 1914, Niger. 

Pseudotantalus ibis (wood-ibis); P., Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Psittacus erjrthacus (grey parrot): T., Zupitza, 1909, Cameroons. 

Pternistes infuscatus (bare-throated francolin): T. and L., Ross, P. H., 1911, East 
Africa. 

Pternistes swainsoni (bare-throated francolin): P., Plimmer, 1913, South Africa. 

(Ptilinopus iozonus) — Chlorotreron iozona (fruit pigeon): P., Plimmer, 1915, Aru 
Isles. 

Ptilonorhynchus violaceus (satin weaver bird): P,, and L., Z.S., 1925, New South 
Wales. 

Ptilopachys fuscus (partridge): P., Todd and Wolbach, 1912, Gambia. 

Ptilopodiscus coronulatus (lilac-crowned fruit pigeon) :P. or P., Z.S., 1925, Aru Isles, 

(Ptilopus superbus) — Lamprotreron superba (fruit pigeon): P. columhce, Breinl, 1913, 
West Australia. 

Ptilotis auricomis (honey-sucker): P., Plimmer, 1915, New South Wales. 

Ptilotis chrysops (honey-sucker): P. ptilotis, Cleland and Johnston, 1909, Australia. 

Ptilotis fusca (honey-sucker); T. anelobics, Cleland and Johnston, 1911, Australia. 
P., Cleland and Johnston, 1911, Australia; Plimmer, 1912, Australia. L. 
a/nelobicB, Cleland and Johnston, 1911, Australia. 
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Ptilotis plumula (honey-sucker): H., Johnston, 1910, and Cleland and Johnston, 
1910, Australia. 

Ptilotis sonora (honey-sucker): H., Cleland and Johnston, 1911, Australia. 

Pycnonotus barbatus (bulbul): H. and JD., Leger, A. and M., 1914, Senegal. 

Pycnonotus hainanus = (Ixus hainanus). 

(Pycnonotus jocosus) -Otocompsa emeria (bulbul) :P., Plimmer, 1912, India. 

Pycnonotus tricolor (bulbul): T. pycnonoti, Kerandel, 1912, French Congo. 

Pycnonotus sp. (bulbul): T. andZ^., Maya and David, 1912, Mauritius. 

Pyromelana ilammiceps (weaver finch) : H, and L., Leger, A. and M., 1914, 
Senegal. 

Pyromelana franciscana (weaver finch): H,, Commes, 1918, Niger. 

Pyromelana orix ^ (Euplectes orix). 

P 3 rrrherodias purpurea = (Ardea purpurea). 

Pyrrhula sp. (bullfinch): H., Sergent, Ed. and Et., 1904, Algeria. 

Quelea er 3 rthrops (weaver finch): H, quelecd andP., Marullaz, 1912, Africa. 

Querquedula circia (garganey): Hg., Pranchini, 1924, Italy. 

(Querquedula crecca) =Nettion crecca (garganey teal): P. simondi, Mathis and Leger, 
1910, Tonkin. Eg, (f), Pranchini, 1923, Italy. 

Querquedula querquedula ^ (Anas querquedula). 

Rallus aquaticus (water rail): P., Pranchini, 1924, Italy. 

Ramphastos toco (toucan): //., Iturbe and Gronzalez, 1916, Venezuela. 

(Regulus cristatus) ^Regulus regulus (golden-crested wren): T., Bettencourt and 
PranQa, 1907, Portugal. 

Regulus ignicapillus (fire-crested wren): T., Bettencourt and Pran^a, 1907, Portugal. 

Regulus regulus — (Regulus cristatus). 

Rhamphocoelus brasilius (tanager): Eg. (Tx.) rhamphocmli, Aragao, 1911, Brazil. 
P., Z.S., 1925, Brazil. 

Rhea americana (rhea):P., Carini and Maciel, 1916, Paraguay. 

Rhodophoneus cruentus = (Laniarius cruentus). 

Rostratula semicollaris - (Tringa atricapilla). 

Rupornis leucorrhoa (hawk): P., Iturbe and Gonzalez, 1916, Venezuela. 

(Ruticilla aurorea) -Phoenicurus auroreus (redstart): P., Ogawa, 1911, Japan. 

(Ruticilla phoenicurus) = Phoenicurus phoenicurus (common redstart): P., Galli- 
Valerio, 1902, Europe. 

(Ruticilla titys) Phoenicurus titjrs (black redstart): T., Bettencourt and PrauQa, 
1907, Portugal. 

Sarcidiornis melanonota (wattle duck): P., Eodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

Saxicola oenanthe (wheatear): P., Nieschulz, 1921, 1922, Heligoland. P., Galli- 
Valerio, 1902, Europe; Cardamatis, 1909, Greece. 

Saxicola rufa — (Saxicola stapazina). 

Saxicola stambajina (? Stapazina == Saxicola rufa) (wheatear): P., Cardamatis, 1909, 
Greece. 

Scardafella squamosa (dove):P., Plimmer, 1912, South America. 

Schistochlamys capistrata (tanager): T. schistocMamydis, Splendore, 1910, Brazil. 

(Scolecophagus carolinus) =^£uphagus carolinus (hang-nest): T\ confusum, Luhe, 
1906 (T. avium, Novy and McNeal, 1906, North America). 

Scolopax rusticola (woodcock): T., Bettencourt and Pran^a, 1907, Portugal. P., 
Z.S., 1925, Europe. P., Ogawa, 1911, Japan; Boing, 1925, Germany; Z.S., 
1925, Europe. L., Mathis and Leger, 1911, Tonkin; Ogawa, 1911, Japan. 
L. legeri, Franca, 1912, Portugal. 

Scops bakkamaena (scops owl): P., Castellani and Willey, 1904, Ceylon. 

Scops brasiliana (scops owl): P., Leger, 1918, Guiana. L. lutzi, Carini, 1920, Brazil. 
I., P., and Ij., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 
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Scops capetisis (scops owl): T., H., and 2/., Rodhain, Pons, Vandenbrandcn and 
Bequaert, 1913, Belgian Congo. 

(Scops giu) = Scops scops (scops owl): H., Sergent, Ed. and Et., 1906, Algeria. L,, 
Sergent, Ed. and Et., 1902, Algeria; Plimmer, 1913, 1917, Europe. 

Scops leucotis (scops owl): H., Plimmer, 1912, and Z.S., 1925, Gambia. 

Scops scops = (Scops giu ^Pistrornia scops). 

Scops semitorques (scops owl): T., H., andX., Ogawa, 1911, Japan. 

Scotopelia bouvieri (owl): H., Plimmer, 1912, South America. 

Scotopelia peli (owl): H, andl/., Rodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 

Sericulus melinus) — Sericulus chrysocephaius (Regent bird): P., and H., Z.S., 1925, 
Australia. 

Serinus canarius (wild canary): L., Z.S., 1925, Canary Isles. 

Serinus icterus =(Crithagra chrysopyga). 

Serpentarius serpentarius - (Gypogeranus serpentarius). 

Sialiasialis (blue bird, thrush): T. con/ws-wm, Liihe, 1906 (P. avium, Novy and McNeab 
1906, North America); Plimmer, 1913, North America. P. and P., Z.S., 1925» 
North America. 

Sicalis flaveola: Hg. (Tx.) sicalidis, Aragao, 1911, Brazil. 

Sitagra intermedius ==(H 3 rphantornis taeniopterus). 

Sitagra luteola= (Hypantornis personata). 

Sitagra melanocephala ==(Hyphantornis melanocephala). 

Sitagra monacha (weaver finch): P., Rodhain, 1913, Belgian Congo. 

Sitta caesia (nuthatch): Z2., Galli- Valerio, 1902, Europe; Cardamatis, 1909, Greece. 

Specotheres maxillaris (Austialian oriole): L. anellobiWy Cleland and Johnston, 1911, 
Australia. 

Spermophilus sp.: P., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

Spinus citrinellus -(Fringilla citrinella). 

Spinus cucullatus=(Chrysomitris cucullatus). 

Spinus spinus —(Chrysom* tr is spinus). 

Spizaetus coronatus (hawk eagle); P., Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Sporasginthus melpodus =(Estrilda melpoda) : P., Z.S., 1925, West Africa. 

Sporophila albigularis (finch): Ilg, (Tx.) sporophilce, Aragao, 1911, Brazil. 

Spreo superbus (superb spreo):P. prcecox and P., Z.S., 1925, North-East Africa. 

Steganopleura guttata (weaver finch): P, Plimmer, 1914, Australia. 

Steganura paradisea == (Vidua paradisea). 

Stoparola melanops (fly-catchor):P., Plimmer, 1912, Australia. 

Streptopelia risoria = (Turtur risorius). 

Streptopeliasemitorquata - (Turtur semitorquata) (dove): P., Z.S., 1925, Gold ('oast. 

Streptopelia vinacea (dove): T. and P., Todd and Wolbach, 1912, Gambia. 

Strix flammea (barn owl): T., Bettencourt and Franca, 1907, Portugal. P. noctucB, 
Celli and San Felici, 1891; Italy. P., Leger, A. and M., 1914, Niger; Plimmer, 
1912, South Africa; Balfour, 1906, Sudan; Sergent, Ed. and Et., 1907, Algeria. 
P., Sergent, Ed. and Et., 1906, Algeria, Lutz and Meyer (quoted by Pinto, 1925), 
Brazil. 

Strix fiammea trimaculata (bam owl): T., K6randel, 1909, French Congo. P., 
K^randel, 1909 and 1913, French Congo. P., K^randel, 1909, French Congo. 

(Strix otus) — Asio otus (lon^-eared owl):P., Wasielewski, 1902 and 1908, Germany. 
P. and!/., Wasielewski, 1908, Germany. 

Strix perlata =(Tyto perlata). 

Strix sp. (bam owl): i/., Danilewsky, 1884, Russia. 

Struthio camelus (ostrich): L. struthionis. Walker, 1912, Africa. 

(Sturnella defilippi) =Trupialis defilippi (hang-nest): P., Plimmer, 1913, Chili. 
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Sturnus menzbieri (common Indian starling) :P. prcecox, Z.8., 1925, India. 

Sturnus vulgaris (starling): H., Coles, 1914, England; Celli and San Felioi, 1891, 
Italy; Wasielewski, 1896, Germany; Labb6, 1894, France (?). Coles, 
1914, England. 

Sutoria sutoria = (Orthotomus sutorius). 

Sycalis arvensis (misto yeUow finch): D., Z.S., 1925, Chili. 

Sycalis colombiana (finch): H., Iturbe and Gonzalez, 1916, Venezuela. 

Sycalis flaveola (finch): Eg, {Tx,) sicalidia, Aragao, 1911, Brazil. J7., Iturbe and 
Gonzalez, 1916, Venezuela. 

Sylvia atricapilla (blackcap warbler): T., Bettencourt and Fran9a, 1907, Portugal; 
Sergent, 1904, Algeria. H., Sergent, Ed. and Et., 1904, Algeria; Wasielewski, 
1908, Germany. P., Sergent, Ed. and Et., 1904, Algeria. 

(Sylvia cinerea) =Sylvia sylvia (whitethroat): 77., Galli-Valerio, 1902, Europe; Carda- 
matis, 1909, Greece. 

Sylvia curruca (lesser whitethroat): L., Z.S., 1925, Europe. 

Sylvia hortensis (garden warbler): £7., Sjobring, 1892, Sweden; Wasielewski, 1908, 
Germany. 

(Sylvia hypolais) =Hypolais icterina (icterine warbler): £7., Sjobring, 1892, Sweden. 

(Sylvia rubecula) =Erithacus rubecula (robin): P., Cardamatis, 1909, Greece. 

(Sylvia sibilatrix) -Phylloscopussibilator (wood warbler) : £7., Sjobring, 1892, Sweden. 

Sylvia simplex (warbler): T., Nieschulz, 1921, 1922, Heligoland. 

Sylvia sylvia - (Sylvia cinerea). 

(Sylvia trochila) =Phylloscopus trochilus (willow warbler): £7., Sjobring, 1892, 
Sweden. 

Sylvia sp. (warbler): T. and ££., Sergent, Ed. and Et., 1904, Algeria. 

Synallaxis ruficapilla (wood-hewer): P., Carini and Maciel, 1916, Paraguay. 

Syrnium aluco (tawny owl): T. avium, Danilewsky, 1885, Europe; Laveran, 1903, 
Mayer, 1910. T, syrnii, Noller, 1917, Europe; Plimmer, 1914, Europe. H, 
syrnii, Mayer, 1910, Europe; Plimmer, 1914, Europe. H., Sergent, Ed. and Et., 
1905, Algeria; Celli and San Felici, 1891, Italy; Ziemann, 1898, Germany; 
Danilewsky, 1889, South Russia. L, danilewskyi, Ziemann, 1898, Europe; 
Danilewsky, 1884, Europe; Plimmer, 1914, 1915, Europe; Sergent, 1907, Algeria. 
P., Sergent, Ed. and Et., 1906, Algeria. 

Tachyphonus ornata (? coronata) (tanager): T., De Cerqueira, 1906, Brazil. 

(Tadorna tadornoides) =^Casarca tadornoides (sheld-duck); H., Plimmer, 1912, 
Australia. 

Taenioptera nengeta (tyrant bird): 77., Carini and Maciel, 1916, Paraguay. 

Tanagra cana — (Thraupis cana). 

Tanagra episcopus (tanager); £7., Plimmer, 1912, South America. 

Tanagra palmarum (tanager): £7., Plimmer, 1912, South America; Iturbe and Gon- 
zalez, 1916, Venezuela. Eg. (Tx,) tanagrce, Aragao, 1911, Brazil. 

Tanagra sayaca (tanager); 7/., Carini and Maciel, 1916, Paraguay. 

Tantalus americanus (stork): T., Migone, 1916, Paraguay. 

Tetrao urogallus (capercaillie): L. mansoni, Sambon, 1908; T., 77., L., andP., Boing, 
1925, Germany. 

Tetrax tetrax =(Otis tetrax). 

Textor albirostris =(Textor alecator). 

(Textor alecator) =Textor albirostris (weaver finch): P., Plimmer, 1912, West Africa. 

Tharrhaleus jerdoni (accentor thrush): £7., Plimmer, 1913, India. 

Theristicus caudatus (ibis): T., Migone, 1916, Paraguay. 

Thrasaetus harpyia (harpy): T., Iturbe and Gonzalez, 1916, Venezuela. 

(Thraupis cana) = Tanagra cana (tanager): £7., Iturbe and Gonzalez, 1916, Vene- 
zuela. 

Thrush sp (?): £/. debreuili, Mathis and Leger, 1911, Tonkin. 
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Tigrisoma marmoratum (heron): T., Migone, 1916, Paraguay. 

Tinamus subcristatus (tinamu): T. tinami, Mesnil, 1912; Brimout, 1912, Guiana. 

(Tinnunculus alaudarius) =Cerchneis tinnunculus (kestrel): H., Plimmer, 1912 and 
1914, Europe; Danilewsky, 1889, South Russia. 

(Tinnunculus cenchris) =Cerchneis naumanni (lesser kestrel): //., Plimmer, 1914, 
South Europe. 

(Tinnunculus tinnunculus) =^Cerchneis tinnunculus (common kestrel): /£., Ziemann, 
1898, Europe. 

Tisa Yariabilis =(£mberiza variabilis). 

Toxostoma cinereum (mocking bird): T. andP., Plimmer, 1913, California. 

Toxostoma rufum —(Harporhjrnchus rufus). 

Tragopan satyra (crimson-horned pheasant): P. prcecox, Z.S., 1925, Himalayas. 

(Treron calva) =Vinago calva (fruit pigeon): P., Wellman, 1906, Angola. 

Trichoglossus nigrigularis (lory): //., Plimmer, 1912, New Guinea. 

Trichoglossus nigrogenis (lory): P., Plimmer, 1916, Tasmania. 

(Tringa atricapilla) =Rostratula semicollaris (painted snipe) : P., Leger, 1918, Guiana. 

Troglod 3 rtes asdon (wren): P., Novy and McNeal, 1905, North America. 

(Troglodytes parvulus) -Anorthura troglod 3 rtes (wren): P., Novy and McNeal, 1905, 
North America. P., Galli- Valerio, 1902, Europe. 

Trogon atricollis (trogon): P., Tturbe and Gonzalez, 1916, Venezuela. 

Tropidorhsrnchus corniculatus =( Philemon corniculatus) (honey-sucker): P., Cleland 
and Johnston, 1909, 1911, Australia. P., Breinl, 1911, West Australia. 

Trupialis defilippi =(Sturnella defilippi). 

Trypanocorax frugilegus ^ (Corvus frugilegus) (rook): P., Sakharoff, 1893, Trans- 
caucasia. 

Turacus cor^hraix (turaco): P., Plimmer, 1912, South Africa. 7\, Plimmer, 1914, 
South Africa. 

Turacus macrorh 3 mchus (turaco): P., Plimmer, 1912, West Africa. 

Turacus persa (turaco): P., Plimmer, 1912, West Africa. 

Turdus dubius =(Turdus fuscatus). 

(Turdus fumigatus) =Merula fumigata (thrush): P., Iturbe and Gonzalez, 1916, 
Venezuela. 

(Turdus fuscatus) =Turdus dubius (thrush): P. and P., Ogawa, 1911, Japan. 

Turdus migratorius =^(Merula migratoria) (American robin, thrush): P., Plimmer, 
1916, North America. 

(Turdus musicus) =Hylocichla musica (song- thrush): T., Petrie, 1905, England; 
Coles, 1914, England. P., Coles, 1914, England; Danilewsky, 1889, South 
Russia; Wasielewski, 1908, Germany. P., Fran 9 a, 1912, Portugal; Coles, 1914, 
England; Wiilker, 1919, Macedonia. P., Coles, 1914, England. 

(Turdus mustelinus) — Hylocichla mustelinus (thrush): P., Plimmer, 1914, North 
America. 

Turdus obscurus (thrush): P., Ogawa, 1911, Japan. P., Ogawa, 1912, Japan. 

Turdus pallidus (thrush): P. andP., Ogawa, 1911, Japan. 

(Turdus philomelos) = Hylocichla musica (song-thrush): P., Nieschulz, 1921, 1922, 
Heligoland. 

(Turdus rufiventris) =Merularufiventer (thrush): P. and Eg. (Tx,), Carini and Maciel, 
1916, Brazil. 

Turdus torquatus (ring ouzel thrush): P., Nieschulz, 1921, 1922, Heligoland. 

(Turtur auritus) =Turtur turtur (dove): P., Sergent, Ed. and Et., 1904, Algeria. 
P., Leger, 1913, Corsica. P., Sergent, Ed. and Et., 1904, Algeria. 

(Turtur humilis) — Onopopeliahumilis(dove): P. andP. marchouxi, Mathis and Leger, 
1910, Tonkin. 

Turtur orientals = (Turtur rupicola) (dove): P., Ogawa, 1911, Japan. P., Ogawa, 
1912, Japan. 
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(Turtur risorius) =Streptopelia risoria (dove): H., Cardamatis, 1909, Greece. 

(Turtur rupicola) =Turtur orientalis (dove): T., Mathis and Leger, 1911, Tonkin. 

(Turtur semitorquata) =Streptopelia semitorc[uata (dove): JT., Rodhain, Pons, 
Vandenbranden and Bequaert, 1913, Belgian Congo. L,, Minohin, 1910, Uganda. 

Turtur senegalensis (dove): F., Todd and Wolbach, 1912, Gambia. L., Leger, 
A. and M., 1914, Senegal. 

Turtur turtur ^(Turtuf auritus) (dove): H., Ziemann, 1898, Europe; Franohini, 
1924, Italy; Boing, 1925, Germany. L, Franchini, 1924, Italy. 

(T 3 nnpanistra bicolor) =Tympanistra t 3 rmpanistra (dove): P., Plimmer, 1912, West 
Africa. 

T 3 mipanistra t 3 nnpanistra =^(Tympanistra bicolor). 

T 3 rrannus melancholicus (tyrant bird): T., ('arini and Maciel, 1916, Brazil. 

(Tyto perlata) =Strix perlata (owl): H,, Iturbe and Gonzalez, 1916, Venezuela. 

Upupa epops (hoopoe) : T., Bettencourt and Franca, 1 907, Portugal. H,, Danilewsky, 
1889, South Russia. X., Wiilker, 1919, Macedonia. 

Uraeginthus phcenicotis =^(Estrilda phoenicotis). 

Uranornis rubra (Par adisea rubra). 

(Urubitinga albicollis) — Leucopternis albicollis (hawk): P., Brimont, 1909, Guiana. 

(Urobrachya albonotata) =Penthetria albonotata (weaver bird): T., Plimmer, 1913, 
East Africa. 

Vanellus vanellus (lapwing): H. andZ., Boing, 1925, Germany. 

(Vidua paradisea) =Steganura paradisea (weaver bird): iJ., Plimmer, 1912 and 1917, 
West Africa. 

(Vidua principalis) = Vidua serena (weaver finch): T., Leger, A. and M., 1914, Niger. 

Vidua serena =(Vidua principalis) (weaver finch): T, viduw, K6randel, 1909, 1912, 
French Congo. 

Vinago calva = (Treron calva). 

Vinago nudirostris (fruit pigeon): P., Todd and Wolbach, 1912, Gambia. 

Vireo chivi (greenlot): //., Carini and Maciel, 1916, Paraguay. 

Volatinia jacarini (finch): Hg. {Tx„) sp., Carini and Maciel, 1916, Brazil. 

Vultur sp. (vulture): L., Chingareva (SchingarefP), 1911, Russia. 

(Xiphocolaptes procerus) =Xiphocolaptes promeropirhynchus (wood-hewer). H, 
Iturbe and Gonzalez, 1916, Venezuela. 

Xiphocolaptes promeropirhynchus = (Xiphocolaptes procerus). 

Zamelodia ludoviciana = (Hed 3 rmeles ludovicianus). 

Zenaidura carolinensis =(Zenaidura macrura) (dove): II, maccallumi and H, sacha- 
rovi, Novy and McNeal, 1904, North America. 

(Zenaidura macrura) = Zenaidura carolinensis (dove): T., Novy and McNeal, 1905, 
North America. 

Zonotrichia gambelii (Gambers sparrow):/', 'prcecox, Z.S., 1925, North America. 

(Zonotrichia pileata) =Brachyspiza pileata (finch): T, zonotrichoe, Splendore, 1910, 
South America. JT., and P., Lutz and Meyer (quoted by Pinto, 1925), Brazil. 

(Zosterops caerulescens) Zoster ops lateralis (white-eye): H,, Johnston, 1910, and 
Cleland and Johnston, 1910, Australia. 

Zosterops chloronota = (Zosterops chlorophaea). 

(Zosterops chlorophaea) = Zosterops chloronota (white-eye): T, and L,, Maya and 
David, 1912, Mauritius. 

Zosterops japonica (white-eye): H. andP., Ogawa, 1911, Japan. 

Zosterops lateralis = (Zosterops caerulescens). 

Zosterops simplex (white-eye): P., Mathis and Leger, 1910, Tonkin. 
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LACERTILIA. 

Acanthodactylus boskianus : Hg, hoaJciana, Catouillard, 1909, Tunis. 
Acanthodactylus pardalis : Eg, capensis, Conor, 1909, Tunis. 

Acanthodactylus vulgaris: Schellaehia boUvari, Reichenow, 1919, Madrid. ScheU 
lochia minuta, Reiohenow, 1919, Madrid. 

Acanthosaura fruhstorferi : T., Mathis and Leger, 1911, Tonkin. 

Agama colonorum : T., Todd and Wolbach, 1912, Gambia; Macfie, 1914, Nigeria. 
Eg, agamcB, Laveran and Pettit, 1909, Senegal. Eg, sp., Macfie, 1914, Nigeria. 
P. agamcBy Wenyon, 1909, Sudan; Macfie, 1914, Nigeria. 

Agama nupta: E. grdhaniiy Shortt, 1922, Persia. Eg, periomsi, Shortt, 1922, 
Persia. 

Agama tuberculata : Eg, sp., Shortt, 1917, India. Eg, thomsoni, Minchin, 1908, 
India. 

Algiroides nigropunctatus : Eg, sp., Plimmer, 1912, Europe. 

Ameiva surinamensis : Eg, ameivce, Carini and Rudolph, 1912, Brazil. 

Anisolepis undulatus : Eg, anisolepisy Marques, 1911, Brazil. 

Anolis biporcatus : E, gonzalezi, Iturbe and Gonzalez, 1921, Venezuela. 

Anolis sp. : Leishmania henrici, Leger, 1919, Martinique; Wenyon, 1921. 

Callopistes fiavipunctatus : Eg,, Z.S., 1925, Peru. 

Chalcides bedriagae - (Gongylus ocellatus). 

Chamaeleon fischeri : Lanhesterella amania, Awerinzew, 1914, West Africa. 
Chamaeleon pumilus : Leishmania chamwleonis, Bayon, 1914, Robben Island. 
Chamaelcon senegalensis : Eg, sp., Plimmer, 1912, West Africa. 

Chamaeleon vulgaris: T, chamceleonis, Wenyon, 1909, Sudan. Leishmania chamce- 
leonis, Wenyon, 1921, Egypt. 

Ctenosaura acanthura— (Cyclura acanthura)« 

(Cyclura acanthura) = Ctenosaura acanthura : Eg, sp., Plimmer, 1912, Central 
America. 

Diploglossus fasciatus : P. diploglossi, Aragao and Neiva, 1909, Brazil. 

Gecko verticillatus =(Platydactylus guttatus). 

Gerrhosaurus nigrolineatus : Eg, sp., Plimmer, 1913, South Africa. 

(Gong]flus ocellatus) =Chalcides bedriagae: Eg, sergentium, Nicolle, 1904, Tunis; 
Viquier and Weber, 1912, Africa. 

Hemidactylus gleadovii : T, hemidactyli, Mackie, Gupta and Swaminath, 1923, India. 

Leishmania hemidaciyli, Mackie, Gupta and Swaminath, 1923, India. 
Hemidactylus leschenaultii : T, leschenaulti, Robertson, 1908, Ceylon. T, pertenue, 
Robertson, 1908, Ceylon. E, simondi, Castollani and Willey, 1904, Ceylon; 
Robertson, 1908, Ceylon; Dobell, 1910, Ceylon. 

Hemidactylus triedrus : T, pertenue, Robertson, 1908, Ceylon. Eg, tiedri, Robert- 
son, 1908, Ceylon. 

Hemidactylus sp.: E,, Donovan (first record), India. 

Iguana delicatissima = (Iguana nudicollis). 

(Iguana nudicollis) —Iguana delicatissima : P. carinii, Leger and Mouzels, 1917, 
South America. 

(Iguana sapidisshna) = Iguana tuberculata : P. minasense, Wenyon, 1915, Trinidad. 
Iguana tuberculata = (Iguana sapidissima) : Eg, iguance, Laveran and Nattan- 
Larrier, 1912, South America; Darling, 1912, Panama; Plimmer, 1912, 1913, 
and Z.S., 1925, South America. 

Lacerta agilis: Eg, lacertarum, Danilewsky, 1886, Europe. Eg, lacazei, Labb6, 
1894, Europe. 

Lacerta galloti : Eg. sp., Plimmer, 1914, North Africa; Plimmer, 1912, Canary 
Isles. 
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Lacerta muralis : Ug, berestnewi, Finkelstein, 1908, Russia. Hg, sp., Laveran and 
Pettit, 1908, France; Z.S., 1926, South Europe. Hg, lacertarum, Danilewski, 
1886, Europe. Hg, lacaisei, Labb6, 1894, Europe. Hg, biccipeulata, Franca, 
1909, Portugal. Hg, mareeaui, Fran§a, 1909, Portugal. Hg. nana. Franca, 
1909, Portugal. Hg. nobrei. Franca, 1909, Portugal. Karyolysus laoertw, 
Labb6, 1894, Europe; Beichenow, 1913, 1921, Europe. Karyolysus bicap- 
sulatus, Reichenow, 1921, Europe. Karyolysus lacazei, Reichenow, 1913, 1921, 
Europe; Woodcock, 1912, Italy. Eutrichomastix lacertce, Reichenow, 1918, 1920, 
Spain. 

Lacerta ocellata ; Schellackia minuta, Reichenow, 1921, Madrid. Hg, lacertarum^ 
Danilewsky, 1886, Europe. Hg. curvirostris. Billet, 1904, Algiers; Franca, 
1909, Portugal. Hg, biretorta, Nicolle, 1904, Tunis; Franca, 1909, Portugal. 
Hg. schaudinni, Fran 9 a, 1908, Portugal. Hg. schaudinni var. africana. Franca, 

1908, Portugal. Hg. minuta. Franca, 1909, Portugal. Hg. nicollei. Franca, 

1909, Portugal. Hg. sp., Plimmer, 1912, 1913, 1914, 1917, Europe. 

Lacerta ocellata var. pater : Hg, curvirostris, Laveran and Pettit, 1909, Tunis; Man- 
ceaux, 1912, Tunis. Hg. biretorti, Manceaux, 1912, Tunis. Hg. schaudinni, 
Manceaux, 1912, Tunis. 

Lacerta peloponnesiaca : Hg. sp., Plimmer, 1912, Europe. 

Lacerta viridis : Hg. lacertarum, Danilewsky, 1886, Europe; Laveran and Pettit, 

1908, Prance. Karyolysus biretortus, Reichenow, 1921, Madrid. 

Lygosoma sp. : T., Todd and Wolbach, 1912, Grambia. 

Lygosoma quoyi : Hg. hinulice, Johnston and Cleland, 1910, Australia. 

Lygosoma tseniolatum : T. and Hg., Johnston and Cleland, 1912, Australia. 

Mabuia agilis : T., (Marini, 1912, Brazil. T. rudolpM, Carini, 1913, Brazil. P. 

minasense, Carini and Rudolph, 1912, Brazil. 

Mabuia maculilabris : T, martini, Bouet, 1909, Ivory Coast. 

Mabuia perrotetii : T. martini, Bouet, 1909, Ivory Coast. T. perroteti, Fran 9 a, 1911, 
Portuguese Guinea. 

Mabuia quinquetaeniata : T. mabum, Wenyon, 1909, Sudan. Hg. gracilis, Wenyon, 

1909, Sudan. P. mabuice, Wenyon, 1909, Sudan. 

Mabuia raddonii : T. boueti, Martin, 1907, French Guinea; Leger, M. and A., 1914, 
Senegal. 

Mabuia varia : II g., Faiitham, 1919, South Africa. 

Mabuia vittata ; Hg, mabuice, Nicolle and Comte, 1906, North Africa. 

Macroscincus coctaei : Hg. macroscinci, Laveran, 1907, Cape Verde. 

Ophisaurus apus : Hg. sp., Finkelstein, 1908, Russia; Plimmer, 1912, Europe. 
Ophisaurus ventralis : Hg., Z.S., 1925, North America. 

Phyllodactylus elisae ; II. phyllodactyli, Shortt, 1922, Persia. Hg. procteri, Shortt, 
1922, Persia. 

Phyllodactylus gerrhopygus ; Hg. sp., Escomel, 1917, Peru. 

(Platydactylus guttatus) —Gecko verticillatus : Hg. sp., Prowazek, 1907, Japan. 
(Platydactylus mauritanicus) =Tarentola mauritanica : Hg. platydactyli. Billet, 1904, 
Algiers. 

(Platydactylus muralis) =Tarentola mauritanica: T. platydactyli, Catouillard, 1909, 
Tunis. 

Psammodromus algirus : Hg. psammodromi, Souli6, 1904, Algiers; Franca, 1909, 
Portugal. Hg. lusitanica. Franca, 1909, Portugal. Hg. pallida. Franca, 1908, 
Portugal. 

Psammodromus hispanicus : Schellackia bolivari, Reichenow, 1919, Madrid. Schel- 
lackia minuta, Reichenow, 1921, Madrid. 

Psilodactylus caudicinctus : T. gallayi, Bouet, 1909, Africa. 

Ptyodactylus lobatus : Hg. sp., Plimmer, 1912, Egypt. 

(Sceloporus clarkii) -Sceloporus spinosus var. clarkii : Hg sp., Plimmer, 1912, North 
America. 

Sceloporus spinosus var. clarkii = (Sceloporus clarkiiL 
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Tarentola annularis : Hg. sp., Plimmer, 1912, Egypt. 

Tarentola mauritanica = (Platydactylus mauritanicus =Platydactylus muralis) : T, 
platydaetyli, Chatton and Blanc, 1916, North Africa; Plimmer, 1912, North 
Africa. Pirhemocyton tarantolaSy Chatton and Blanc, 1914, Tunis. Leishmania 
tarantolce^ Chatton and Blanc, 1918, North Africa; Wenyon, 1921. Trieho- 
mastix, Chatton, 1918, North Africa. Hg. platydactyli, Foley and ("atanei, 
1926, Algeria. 

Tiliqua scincoides : Hg, tiliquce, Johnston and Cleland, 1912, Australia. 

Tropidurus torquatus : P. tropiduri, Aragao and Neiva, 1909, Brazil. Hg. sp., 
Phisalix and Tejera, 1920, Venezuela. 

Tupinambis nigropunctatus : Hg. sp., Leger and Mouzels, 1917, South America. 

Tupinambis teguixin : Hg. tupinambis, Laveran and Salimbeni, 1 909, Brazil ; Carini, 
1909, Brazil. Hg. missoni, Carini, 1909, Brazil. Hg. Ducceschi, 1914, 

Brazil. Hg. sj)., Plimmer, 1912, 1913, South America. 

(Varanus arenarius) — Varanus griseus : Hg. sp., Marchoux, 1908, Senegal; Bouet, 
1909, West Africa. 

Varanus bengalensis ==(Varanus dracaena) : Hg. sp., Plimmer, 1912, 1914, India. 

(Varanus bivittatus) = Varanus salvator : Hg. sp., Prowazek, 1912, Sumatra. 

(Varanus dracaena) = Varanus bengalensis : Hg. sp., Simond, 1901, India. 

Varanus exanthematicus ; T. varani, Lloyd, Johnson, Young and Morrison, 1924, 
Nigeria. 

Varanus gouldii : Hg. gouldii, Johnston and Cleland, 1912, Australia. 

Varanus griseus ~ (Varanus arenarius) : Hg. horreli, Nicolle and Comte, 1906, Tunis; 
Foley and Catanei, 1926, Algeria. 

Varanus nebulosa ; Hg., Z.S., 1925, Malaya. 

Varanus niloticus : T. varani, Wenyon, 1909, Sudan; Lloyd, Johnson, Young and 
Morrison, 1924, Nigeria. Hg. varani, Laveran, 1905, Transvaal; Franca, 1910, 
Portuguese Cuinea. Hg. horreli, Nicolle and Comte, 1906, Tunis. Hg. toddi, 
Wolbach, 1914, Gambia. Hg. sp., Leger, M. and A., 1914, Senegal; Wenyon, 
1909, Sudan; Plimmer, 1912, Africa. 

Varanus salvator = (Varanus bivittatus). 

Varanus varius : Hg. sp., Gilruth, 1910, Australia; Plimmer, 1912, Australia. Hg. 
varanicola, Johnston and Cleland, 1910, Australia. 


OPHIDIA. 

Ancistrodon contortrix : Hg. sp., Langmann, 1899, North America; Plimmer, 1913, 
Texas. 

Ancistrodon piscivorus : Hg. morcassini, Laveran, 1902, North America. Hq. sp., 
Langmann, 1899, North America; Plimmer, 1913, and Z.S., 1926, iNortli 
America. 

Atheris chlorechis : Hg. sp., Plimmer, 1912, West Africa. 

Atractaspis microlepidota : Hg. sp., Wenyon, 1909, Sudan. 

Bitis arietans : T., Dutton, Todd and Tobey, 1907, Gambia; Plimmer, 1912, South 
Africa. Hg, arietans, Fantham, 1925, South Africa. 

Bitis gabonica : Hg. dogieli, Hoare, 1921, Uganda. 

Boa constrictor : Hg. serpentium. Lutz, 1901, South America. Hg. leizii, Sambon, 
1907, South America; MaruUaz, 1912, North America; Marullaz and Roudsky, 

1913, South America. Hg. sp., Dobell, 1908, Brazil; Plimmer, 1912, 19l’3, 

1914, 1915, 1916, 1917, and Z.S., 1925, South America. 

Boa imperator : Hg. imperatoris, Seidelin, 1911, Mexico; Darling, 1912, Panama; 
Plimmer, 1916, Central America. 

Boa madagascariensis : Hg. sp., Plimmer, 1912, Madagascar. 

Boodonfuliginosus : Hg. hoodoni, Phisalix, 1914, Africa; Plimmer, 1914, West Africa, 
(Bothrops sp.) =Lachesis sp. : Hg. sp., Lutz, 1901, South America. 

(Bothrops viridis) =Lachesis gramineus ; Hg. sp., Simond, 1901, Cochin-China. 
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Bungarus cseruleus ==Bungarus candidus : Hg, sp., Patton, 1909, India. 

Bungarus candidus Bungarus caeruleus : Eg, sp., Patton (Dobell), 1908, India; 
Plimmer, 1913, India. 

Bungarus fasciatus : Eg. bungari. Billet, 1895, Tonkin; Mathis and Leger, 1911. 
Tonkin. 

Calabar ia reinhardti : Eg. sp., Plimmer, 1913, West Africa. 

Causus rhombeatus: Eg. sp., Bouet, 1909, West Africa; Plimmer, 1914, South 
Africa. 

Cerastes cornutus : Eg. seurati, Laveran and Pettit, 1911, and Foley and Catanei, 
1925, Algeria. 

Chlorophys emini : Eg. sp., Wenyon, 1909, Sudan. 

Chrysopelea ornata : Eg. sp., Kobertson, 1908, Ceylon. 

Ccelopeltis monopessulana : Eg. sp., Z.S., 1925, South Europe. 

(Coluber aesculapii) =Coluber longissimus : Eg. coluhri. Bonier, 1901, Europe. 
Coluber catenifer : Eg. sp., Z.S., 1925, California. 

Coluber corais = (Spilotes couperi) : Eg. rarefasciens, Sambon, 1907, South America, 
Lutz, 1901, and Z.S., 1925, South America ; Plimmer, 1912, 1915, Brazil. 
Coluber guttatus : Eg. sp., Plimmer, 1912, North America; Z.S., 1925, south-east of 
North America. 

Coluber helena : Eg. sp., Plimmer, 1914, Ceylon. 

Coluber laetus : Eg. sp., Plimmer, 1916, North America. 

Coluber leopardinus ; Eg. sp., Plimmer, 1914, and Z.S., 1925, Europe. Trichomonas 
sp., Plimmer, 1912, Europe. 

Coluber longissimus (Coluber aesculapii) ; Eg. coluhri, Borner, 1901, North America; 

Finkelstein, 1908, Caucasia; Plimmer, 1912, 1916, Europe. 

Coluber melanoleucus - (Pituophis melanoleucus =^Pituophis sayi) : Eg. brumpf/i, 
Sambon, 1907, Mexico; Plimmer, 1912, 1915, Mexico. Tx. sp., Plimmer, 1916, 
Mexico. 

Coluber obsoletus : /igr.sp., Plimmer, 1912, 1914, 1915, andZ.S., 1925, North America. 
Coluber quatuorlineatus : Eg. sp., Dobell, 1908. 

Coluber radiatus : Eg. sp., Z.S., 1925, Hong-Kong. 

Coluber sp.: Eg. sp., Simond, 1901, India. 

Coluber triaspis : Eg. sp., Laveran and Pettit, 1909, Mexico. 

Corallus caninus : Eg. sp., Brimont, 1909, French Guiana. 

Corallus cookii : Eg. sp., Langmann, 1901, North America. Eg. luhei, Sambon, 1907, 
America; Plimmer, 1912, 1916, Trinidad. 

Coronella getula =^(Lampropeltis getulus) ; Eg. sp., Langmann, 1899, North America. 
Eg. wardi, Sambon, 1907, North America; Plimmer, 1912, 1913, 1914, 1917, 
and Z.S., 1925, North America. 

Coronella girondica : Eg. coronellce, Franca, 1910, Portugal. 

(Crotalus adamanteus) ^Crotalus scutulatus : Eg. sp., Langmann, 1899, North 
America. 

Crotalus atr ox = Crotalus confluentus ; Eg. sp., Plimmer, 1912, 1913, 1914, 1915, 
North America. 

Crotalus confluentus Crotalus atrox : Eg. croiali, Laveran, 1902, North America; 

Langmann, 1899; Plimmer, 1912, North America. 

Crotalus exsul: Eg., Z.S., 1925, North America. 

Crotalus horridus ; Eg. sp., Plimmer, 1912, North America. 

Crotalus scutulatus ~ (Crotalus adamanteus). 

Crotalus oregonus .* Eg., Z.S., 1925, North America. 

Crotalus sp. : Eg. sp.. Lutz, 1901, South America. 

Dendraspis viridis : Eg. sp., Plimmer, 1912, 1913, 1915, West Africa. 

Dendrophis pictus : Eg. sp., Patton, 1909, India. 

Dendrophis punctulatus : Eg. dendrophidis, Johnston and Cleland, 1910, Australia. 
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Diemenia psammophis : Eg, sp., Johnston and Cleland, 1910, Australia. 

Diemenia textilis : T. sp., Love, quoted by Johnston and Cleland, 1910, Australia. 
Dipsadomorphus fuscus : Eg. sp., Breinl, 1912, Australia. 

Drymobius bifossatus : Eg, sp., Lutz, 1901, South America. Eg, drymobii, Marullaz, 

1912, Brazil. 

Drymobius boddsertii : Eg, sp., Plimmer, 1912, Central America. 

Dryophis mycterizans : Eg, sp., Patton, 1909, India. 

Dryophis prasinus : Eg, sp., Z.S., 1925, Hong-Kong and Malaya. 

Echis carinatus ; Eg, sp., Plimmer, 1913, North Africa. 

Elaps fulvius: Eg, sp., Lutz, 1901, South America; Plimmer, 1914, and Z.S., 1925, 
North America. 

Epicrates cenchris : Eg, sp.. Darling, 1912, Panama; Plimmer, 1913, and Z.S., 
1925, Trinidad. 

Erjrthrolamprus aesculapii : T, erythrolampri, Wenyon, 1909, South America. Eg, 
coluhri, Borner, 1901, America; Wenyon, 1909, South America. 

Erjrx conicus = (Gongylophis conicus) : Eg, sp., Laveran, 1905, India. Eg, cantlieiy 
Sambon, 1907, India. 

Er 3 rx jaculus .* Eg., Z.S., 1925, North America. 

Eryx johnii: Eg, sp., Patton, 1909, India; Plimmer, 1912, 1913, and Z.S., 1925, 
India. 

Erjrx thebaicus : Eg. sp., Plimmer, 1916, 1917, West Africa. 

Eunectes murinus : Eg. serpentium. Lutz, 1901, South America; Plimmer, 1914, 1916, 
and Z.S., 1925, South America. 

(Eutaeniasaurita) =Tropidonotus sauritus : Eg, sp., Langmann, 1901, North America. 
(Eutaenia sirtalis) =Tropidonotus ordinatus : Eg. sp., Langmann, 1901, North 
America. 

Gastropyxis smaragdina : Eg, sp., Plimmer, 1914, West Africa. 

(Gongylophis conicus) =Eryx conicus : Eg, sp., Patton, 1909, India. 

Grayia smythii : T. clozeli, Bouet, 1909, West Africa. 

Grayia tholloni : Eg, sp., Wenyon, 1909, Sudan. 

Helicops modestus (water snake); T. brazili, Brumpt, 1914, 1915, Brazil. 
Herpetodryas carinatus : Eg, sp.. Lutz, 1901, South America. 

Heterodon platyrhinos : Eg, sp., Plimmer, 1914, 1915, 1916, North America. 
Heterodon simus : Eg, sp., Plimmer, 1912, North America. Trichomonas sp., 
Plimmer, 1912, North America. 

Hypsirhina chinensis : T, primeti, Mathis and Leger, 1909, 1911, Tonkin. Eg. sp., 
Mathis and Leger, 1911, Tonkin. 

Lachesis alternatus ; Eg. roulei, Phisalix and l^averau, 1913, Brazil. 

Lachesis gramineus =(Bothrops viridis). 

Lachesis lanceolatus : Eg. plimmeri, Sambon, 1909, South America; Phisalix, 1912, 

1913, South America. 

Lachesis mutus : Eg. seligmanni, Sambon, 1907, South America; Plimmer, 1914, 
Trinidad. 

Lachesis sp. =(Bothrops sp.). 

(Lampropeltis getulus) =Coronella getula : Eg. sp.. Lutz, 1901, South America. 
Leptodira albofusca : Eg. sp.. Darling, 1912, Panama. 

Leptodira annulata : Eg. sp., Plimmer, 1917, South America. 

(Leptodira attarensis) = Leptodira degeni : Eg. sp., Wenyon, 1909, Sudan. 

Leptodira degeni = (Leptodira attarensis). 

Leptodira hotambceia : Eg, sp., Plimmer, 1916, West Africa. 

Leptophis liocercus : Eg. sp., Plimmer, 1912, 1916, South America. 

Leptophis viperinus : Eg, sp., Plimmer, 1917, Europe. 

Lytorhynchus diadema : Eg, gigcmtinensis, Cu6nod, 1909, Tunis. 

Macroprotodon cucullatus : Eg, joannovi, Hagenmuller, 1898, Algeria and Spain. 
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(Morelia spilotes) =P 3 rthon spilotes. 

Naja bungarus : Hg. sp., Plimmer, 1913, and Z.S., 1925, India. 

(Naja hajaB)=Naja tripudians : Hg, weissi, Conor, 1912, Africa; Wenyon, 1909, 
Sudan. H. najce,Wenjoii, 1909, Sudan. 

Naja nigricollis : T. najce, Wenyon, 1909, Sudan. T, voltarice, Macfie, 1919, Grold 
Coast. Hg, sp., Wenyon, 1909, Sudan; Plimmer, 1916, West Africa. H, najce, 
Wenyon, 1909, Sudan; Macde, 1919, Gold Coast. 

Naja tripudians — (Naja hajae) : Hg, najcc, Laveran, 1902, India; Patton, 1909, India; 
Plimmer, 1912, 1913, 1914, 1916, and Z.S., 1925, India. Trichomonas sp., 
Plimmer, 1912, India. 

Naja tripudians var. atra: Hg, sp., Simond, 1901, India. 

Naja sp. : Hg, sp., Simond, 1901, India; Bouet, 1909, West Africa. 

Natrix tigrina : Hg, tigrincs, Hoare, 1918, Japan. 

Philodryas baroni : Hg, sp., Senez, 1918, Argentine. 

Philodryas olfersii : Hg, sp.. Lutz, 1901, South America. 

Philodryas schotti : Hg, philodryasi, Carini, 1910, Brazil; Plimmer, 1913, South 
America. 

Philothamnus semivariegatus : Hg, sp., Bouet, 1909, West Africa. 

Philothamnus sp. : Hg, sp., Bouet, 1909, West Africa. 

Phrynonax sulphurous : Hg. sp., Plimmer, 1914, Trinidad. 

Pituophis catenifer : Hg, sp., Z.S., 1925, California. 

(Pituophismelanoleucus) ^Coluber melanoleucus : Ug, pituophis, Laveran and Pettit, 
1909, Mexico; Z.S., 1925, North America. 

(Pituophis sayi) = Coluber melanoleuchus : Hg, sp., Plimmer, 1912, 1913, 1914, 
North America. 

Psammophis elegans : Hg, sp., Plimmer, 1916, West Africa. 

Psammophis sibilans : Hg, brendce, Samhon, 1907, Africa; Wenyon, 1909, Sudan; 
Z.S., 1925, Gambia. 

Psammophis subtaeniatus : Hg, sp., Wenyon, 1909, Sudan. 

Psammophis trigrammus : Hg, sp., Bouet, 1909, West Africa. 

Pseudaspis cana : Hg, refringens, Samhon, 1907, South Africa; Plimmer, 1912, South 
Africa. 

Pseudechis australis : Hg, hancrofti, Johnston and Cleland, 1912, Australia. 
Pseudechis mortonensis : Hg, hancrofti, Johnston and Cleland, 1912, Australia. 
Pseudechis porphyriacus : Hg, pseudechis, Johnston, 1909, Australia. 

P 3 rthon amethystinus : Hg, amethystina, Johnston, 1909, Australia. 

Python molurus : Hg, sp., Patton, 1909, India; Phisalix, 1913, India. Hg, pococki, 
Sambon, 1907, India; Plimmer, 1912, 1913, 1914, 1916, 1917, and Z.S., 1925, 
India. 

Python regius : Hg, sp., Bouet, 1909, West Africa. Hg, rohertsoni, Sambon, 1909, 
West Africa. 

P 3 rthon reticulatus : Hg, pythonis. Billet, 1895, Tonkin; Prowazek, 1912, Sumatra; 
Plimmer, 1912, East Indies. 

P 3 rthonsebae : Hg, sehai, Laveran and Pettit, 1909, Senegal ; Bouet, 1909, West Africa; 

Plimmer, 1912, Africa. Trichomonas sp., Plimmer, 1912, West Africa. 

P 3 rthon sp.: Hg,, Robertson, 1906, India. Hg, pythonis. Billet, 1895, Tonkin; 

Prawazek, 1908, Java. Hg, sp., Wenyon, 1909, Sudan. 

Python spilotes = (Morelia spilotes) : Hg, shattocki, Sambon, 1907, Australia; Laveran, 
1908, Australia; Johnston, 1909, Australia. Hg, sp., Laveran, 1908, Australia. 
Hg, sp., Dobell, 1908, Australia; Plimmer, 1912, 1914, Australia. Hg, megalo- 
cystis, Gilruth, Sweet and Dodd, 1910, Australia. 

Python spilotes var. variegata : Hg, morelice, Johnston, 1910, Australia. Hg. 

megahcystis, Gilruth and Sweet, 1910, Australia. 

Rhadinsea merremii : T,, Brumpt, 1914, Brazil; Hg, sp.. Lutz, 1901, South America. 
II. 89 
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Rhamphiophis rubropunctatus : Eg, vaughani, Balfour, 1909, Sudan. 

Sepedon haemachates : E, mesnili, Leger, M. and A., 1914, Senegal. 

Sepedon sp.; E, mesnili, Bouet, 1909, Senegal. 

3istrurus miliarius : Eg, sp., Plimmer, 1912, 1914, 1915, North America. 

(Spilotes couperi) =Coluber corals : Eg, sp., Lutz, 1901, South America. 

Spilotes pullatus : Eg, sp., Lutz, 1901, South America. 

Tarbophis fallax : Eg, sp., Plimmer, 1912, 1913, 1914, and Z.S., 1926, Europe. 

Tropidonotus asperrimus ; Eg, mirahilis, Castellani and Willey, 1 904, Ceylon. 

Tropidonotus fasciatus : Eg, hradfordi, Sambon, 1909; Langmann, 1901, North 
America; Plimmer, 1912, North America. Amcehce (?), Plimmer, 1916, North 
America. 

Tropidonotus ferox ; T, clozeli, Bouet, 1909, West Africa. 

Tropidonotus hammondi .* //g., Z.S., 1925, North America. 

Tropidonotus ordinatus ==(£utaenia sirtalis). 

Tropidonotus piscator : T, primeti, Mathis and Leger, 1911, Tonkin. Eg, mirahilis, 
Castellani and Willey, 1904, Ceylon; Plimmer, 1913, and Z.S., 1925, India; 
Patton, 1909, India. 

Tropidonotus sauritus =(£utsenia saurita). 

Tropidonotus stolatus : Eg. sp.. Billet, 1895, Tonkin; Patton, 1909, India. 

Tropidonotus taxispilotus : Eg. sp., Z.S., 1925, California. 

Tropidonotus viperinus : Eg. viperini. Billet, 1904, Algeria. Amcehce (?), Plimmer, 
1916, 1917, Europe. 

Vipera ammod 3 rtes (sand viper): Eg. sp., Plimmer, 1912, 1913, and Z.S., 1925, 
Europe. 

Vipera aspis ; Eg, samhoni, G-iordano, 1907, Europe; Sambon, 1907, Europe. 

Vipera libetina : Eg. sp., Sergent, 1918, Algeria. 

Vipera russellii : Eg. sp., Patton, 1909, India; Plimmer, 1912, 1913, 1915, India. 

Xenodon neuwiedii ; Eg. sp., Lutz, 1901, South America. 

Zamenis algirus : Eg. algira, Manceaux, 1908, Algeria. 

Zamenis constrictor : Eg. sp., Laveran and Pettit, 1909, Mexico; Plimmer, 1912, 
1915, North America. 

Zamenis dahlii ; Eg. sp., Plimmer, 1912, Europe. 

Zamenis flagelliformis : Eg. mansoni, Sambon, 1907, Central America; Plimmer, 
1912, 1914, 1915, North America. 

Zamenis gemonensis : Eg. sp., Plimmer, 1912, 1913, 1914, 1915, Europe. 

Zamenis grahami ; Eg. sp., Plimmer, 1914, North America. 

Zamenis hippocrepis : Eg. zamensis, Laveran, 1902, Algeria; Manceaux, 1908, 
Algeria; Plimmer, 1912, Europe. Eg. manceauxi, Fran 9 a, 1910, Tunis. Eg. 
luisieri, Franga, 1910, Portugal. 

Zamenis mucosus : Eg. sp., Robertson, 1908, Ceylon; Patton, 1909, India; Plimmer, 
1912, 1913, 1914, India. 


CH£LONIA. 

Batagur baska : Eg. sp., Plimmer, 1913, Perak. 

Chelodina expansa : Eg. sp., Plimmer, 1915, Australia. 

Chelodina longicollis : T. chelodina, Johnson, 1907, Johnston and Cleland, 1912, 
Australia. Eg. chelodinm, Laveran and Pettit, 1909, Algiers. Eg. clelandi, 
Johnston and Cleland, 1912, Australia. //. chelodince, Johnston and Cleland, 
1909, Australia. 

Chelodina oblonga ; Eg, elelandi, Johnston, 1909, Australia. E, chelodinos, Johnston 
and Cleland, 1909, Australia. 

Chitra indica = (Trionyx indicus). 
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Chrysemys picta : Tig, sp., Plimmer, 1912, North America. H, sp., Plimmer, 1912, 
North America. 

Chrysemys scripta var elegans =(Clemmys elegans), 

Cinixys belliana : Tig, stermtheri. Franca, 1900, Portuguese (ruinea; Plimmer, 1912, 
Central Africa. H, roumei, Bouet, 1909, West Africa; Plimmer, 1912, West 
Africa. 

Cinixys erosa : II, sp., Plimmer, 1912, West Africa. 

Cinixys homeana : T, leroyi, Commes, 1919, Senegal. Eg^ sp., Commes, 1919, 
Senegal. //. sp., Plimmer, 1912, West Africa. 

Cinosternum cruentatum : Eg, sp., Plimmer, 1913, 1914, 1916, Central America. 
Cinosternum oderatum : Eg,, Z.S., 1925, North America. 

Cinosternum pennsylvanicum : Eg, sp., Plimmer, 1916, North America. 

Cistudo Carolina : Octomitua sp., Plimmer, 1912, 1915, North America. 

(Cistudo europaea) =Emys orbicularis : Eg, atepanowi, Danilewsky, 1885, Europe. 
Clemmys africana : E, cajali, Pittaluga, 1912, West Africa. 

(Clemmys elegans) = Chrysemys scripta var. elegans: Eg, labbei, Borner, 1901, 
North America. 

Clemmys guttata : Eg. sp., Plimmer, 1912, North America. 

Clemmys japonica : Eg, sp., Koidzumi, 1910, Japan. Eg* clemmydia, Prowazek, 
1910, Japan. 

Clemmys leprosa =(Emys leprosa) : Eg. sp., Franga, 1910, Portugal. Eg. bdgenaia, 
Doucloux, 1904, Tunis; Laveran and Pettit, 1909, Tunis. Eg. sp., Plimmer, 

1912, Spain. 

(Cryptopus granosus) -Emyda granosa : Eg, laverani, Simond, 1901, India. 
Cyclemys amboinensis : Eg. sp., Plimmer, 1913, Malaya. Trichomonaa sp., Plimmer, 

1913, and Z.S., 1925, Malaya. 

Cyclemys trifasciata : Octomitua sp., Plimmer, 1912, East Indies. 

Damonia reevesii : T. damoniw, Laveran and Mesnil, 1902, Ceylon. Eg, 
atepanowianu, Laveran and Mesnil, 1 902, Ceylon. Eg. rara, Laveran and Mesnil, 
1902, Ceylon. Eg. sp., Plimmer, 1912, 1914, China. 

Damonia subtrijuga : Eg. pellegrini, Laveran and Pettit, 1910, Asia. 

Emyda granosa = (Cryptopus granosus) : Eg. nicorice, Patton, 1908, India. 

Emyda japonica : Eg. emydas, Prowazek, 1910, Japan. 

Emyda vittata : T. vittatce, Robertson, 1908, Ceylon. Eg. vittatce. Robertson, 1908, 
Ceylon; Donovan (first record), India. 

Emydura krefftii : E. chelodinw, Johnston and Cleland, 1910, 1912, Australia. 
T. chelodina, Johnston and Cleland, 1910, 1912, Australia. Eg. clelandi, John- 
ston and Cleland, 1910, 1912, Australia. 

Emys blandingii ~(Emys meleagris). 

(Emys leprosa) —Clemmys leprosa : Eg. bagenaia, Ducloux, 1904, Algiers. 

(Emys meleagris) =Emys blandingii : Eg. sp., Hahn, 1909, North America. 

Emys orbicularis ^(Cistudo europaea): Eg. sp.. Franca, 1910, Portugal; Plimmer, 
1912, 1913, and Z.S., 1925, Europe. Eg. atepanowi, Danilewsky, 1885, Europe: 
Reichenow, 1910, Europe. 

(Emys tecta) — Kachuga tectum : Eg. meanili, Simond, 1901, India. 

Geoemyda spinosa : Eg. sp., Plimmer, 1914, Malaya. 

Hydraspis hilarii : Eg. sp., Plimmer, 1912, Brazil. 

Kachuga tectum — (Emys tecta). 

Nicoria punctularia : Octomitua sp., Plimmer, 1914, South America. 

Nicoria trijuw : Eg. nicorice, Castellani and Willey, 1904, Ceylon; Alexeieff, 1912, 
Ceylon; Robertson, 1908, Ceylon. 

Ocadia sinensis : Eg. sp., Koidzumi, 1910, Tonkin; Mathis and Leger, 1911, Tonkin. 
Platemys sp. : Eg. labbei, Borner, 1901, North America. 

Podocnemis expansa : Eg. sp., Plimmer, 1912. South America. 
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Staurotypus triporcatus : Hg, sp., Plimmer, 1912, Central America. H, sp., Plimmer, 
1912, Central America. 

Sternothaerus adansonii : Hg, sp., Wenyon, 1909, Sudan. 

Sternothaerus derbianus : T. pontyif Bouet, 1909, Africa. Hg, sp., Bouet, 1909, 
Africa. Hg, sternothcBri, Franca, 1910, Portuguese Gruinea. 

Sternothaerus niger ; Hg, sp., Plimmer, 1912, West Africa. 

Testudo angulata : Hg, sp., Plimmer, 1913, South Africa. Octomitus sp., Plimmer, 

1912, South Africa. 

Testudo em3rs : Hg, teatudinis, Laveran and Nattan-Larrier, 1912, India; Plimmer, 

1913, and Z.S., 1926, Malaya. 

(Testudo ibera) = Testudo mauritanica : Hg, sp., Baznosano, 1901, Boumania; Z.S., 
1926, South Europe and Algeria. 

Testudo marginata : Hg, sp., Pfeiffer, 1891, Greece. 

Testudo mauritanica — (Testudo ibera) : Hg, mauritanica, Sergent, Ed. and Et., 
1904, Algiers. 

Testudo pardalis : H, testudinis, Laveran, 1905, South Africa. 

Testudo tabulate : Hg. dimorphon, Brimont, 1 909, French Guiana. 

Trionyx cartilagineus — (Trionyx stellatus) : Hg. sp., Mathis and Leger, 1911, Tonkin. 
(Trion3rx indicus) =^Chitra indica : H. metcJmikowi, Simond, 1901, India. 

(Trion3rx niloticus) =Trion3nc triunguis : Hg., Stevenson, 1911, Sudan. 

(Trionyx stellatus) =Trionyx cartilagineus : Hg. hilleti, Simond, 1901, Tonkin. 
Trionyx triunguis = (Trionjrx niloticus) : Hg, trionyxis, Thiroux, 1911, Senegal. Hg. 

sp., Plimmer, 1916, West Africa. 

Trion3nc sp.: Hg. trionyxis, Thiroux, 1911, Senegal. 

CROCODILIA. 

Alligator mississipiensis : Ilg. crocodilinorum, Borner, 1901, North America; Plimmer, 
1912, North America. 

Caiman latirostris : Hg, caimani, Carini, 1909, Brazil. 

Caiman sclerops ; Hg. sp,, Migone, 1916, Paraguay. Hg. hrasiliensis, Raul di Primo, 
1926, Brazil. 

Crocodilus cataphractus : T. sp., Dutton, Todd and Tobey, 1907, Belgian Congo; 
Plimmer, 1914, Nigeria, 

(Crocodilus frontatus) — Osteolaemus tetraspis : Ug. crocodilinorum, Borner, 1901, 
North America. 

Crocodilus niloticus : T. kochi, Laveran and Mesnil, 1912; Koch, 1906, 1909, Central 
Africa; Kleine, 1910, Central Africa; Kleine and Taute, 1911, Central Africa; 
Minchin, Gray and Tulloch, 1 905, Uganda ; Lloyd, Johnson, Young and Morrison, 
1924, Nigeria". Hg, pettiti, Thiroux, 1910, 1913, Africa; Wenyon, 1909, Sudan. 
Hg. sp., Leger, M. and A., 1914, Senegal. 

Crocodilus palustris : Hg. sp., Prowazek, 1912, Sumatra. 

Crocodilus porosus ; Hg. sp., Dobell, 1910, Ceylon. 

Gavialis gangeticus : Hg. hankini, Simond, 1901, India. 

Osteolaemus tetraspis ^(Crocodilus frontatus). 

AMPHIBIA (URODELA). 

Batrachoseps attenuatus : Hg. riedyi, Eysen, 1897, California. 

(Diemyctylus viridiscens) =Molge viridiscens : T. diemyctili, Tobey, 1906, North 
America; Hegner, 1920, North America. 

Molge cristata : Hg, tritonis, Fantham, 1906, England. 

Molge p 3 rrrhogastra = (Triton p3rrrhogaster). 

Molge viridiscens = (Diemyctylus viridiscens). 

(Triton p3rrrhogaster) =Molge pyrrhogastra : T. tritonis, Ogawa, 1914, Japan. 



AMPHIBIA (ANURA) 


1397 


AMPHIBIA (ANURA). 

Bufo marinus : Hg. eayennensis, Leger, 1918, French Gruiana. Ilg, darlingi, Leger, 
1918, French Guiana. Hg. minima, Leger, 1918, French Guiana. Hg. sp., 
Darling, 1912, Panama; Plimmer, 1912, South America; Nino, 1926, Brazil. 

Bufo mauritanicus : Hg. tunisiensis, Nicolle, 1904, Tunis. 

Bufo melanostictus : T., Mathis and Leger, 1911, Tonkin; Schein, quoted by Laveran 
and Mesnil, 1912, Annam; Donovan (first record), India. Hg. houeti, Franja, 
1910, Tonkin. Hg. tonkinensis, Leger, 1918; Mathis and Leger, 1911, Tonkin; 
Prowazek, 1912, Sumatra. Hg. hisecans, Shortt, 1917, India. Hg., Donovan 
(first record), and Z.S., 1925, India. Toddia sp., Mathis and Leger, 1912, Tonkin. 

Bufo regularis : T. mega, Dutton and Todd, 1903, and Dutton, Todd and Tobey, 
1907, Congo; Martin, Leboeuf and Roubaud, 1909, Congo; Bouet, 1909, West 
Africa; Macfie, 1914, Nigeria; Franca, 1925, Angola. T. karyozeukton, Dutton 
and Todd, 1903, and Dutton, Todd and Tobey, 1907, C^oiigo; Fran 9 a, 1925, 
Angola. T. rotatorium, Balfour, 1909, Wenyon, 1909, and Stevenson, 1911, 
Sudan; Martin, Leboouf and Roubaud, 1909, Congo; Bouet, 1909, West Africa; 
Macfie, 1914, and Lloyd, Johnson, Young and Morrison, 1924, Nigeria; Z.S., 
1925, Gambia. Hg. pestance. Franca, 1910, Portuguese Guinea. Hg. houeti, 
Franga, 1910, Portuguese Guinea; Franga, 1925, Angola. Hg. tunisiensis, 
Macfie, 1914, Nigeria. Hg. froilanoi, Franga, 1925, Angola. Hg. sp. (? Hg, 
houeti), Balfour, 1909, Wenyon, 1909, and Stevenson, 1911, Sudan; Bouet, 
1909, West Africa; Z.S., 1925, Gambia. 

Bufo reticulatus : T., Brurnpt, 1906, Somaliland. 

Bufo sp. : T. mega, Minchin, 1910, Uganda. T. sp., Stevenson, 1911, Sudan. Hg, 
tunisiensis, Stevenson, 1911, Sudan; Stephens, 1905, West Africa. Hg, 
moloensis, Hoaro, 1921, Uganda. Hg. sp., Hoare, 1921, Uganda. 

Bufo vulgaris : T., Grassi, 1881, 1883, Europe. 

Discoglossus pictus : T. sergenti and T. parroti, Brurnpt, 1923, Algiers. 

Hyla arborea =(Hyla viridis) : T. rotatorium, Danilewsky, 1885, 1888, Europe. 
T. hylm, Franga, 1908, Portugal. T. sp., Plimmer, 1914, Europe. 

Hyla caerulea : Hg. hylw, Cleland and Johnston, 1911, Australia; Cleland, 1915, 
Australia. 

(Hyla lateristriga) =Hyla rubra: T. horreli (T. rotatorium), Marchoux and Salimbeni, 
1907, Brazil. 

Hyla lesueurii : T. rotatorium, Cleland and Johnston, 1911, Australia. 

Hyla nasuta : T., Bancroft, 1890, quoted by Johnston and Cleland, 1910, Australia. 

Hyla rubra =(Hyla lateristriga). 

Hyla venulosa : T., Plimmer, 1912, South America. 

(Hyla viridis) ^Hyla arborea : T., Wedl, 1850, Europe. Cytamceha sp., Labb6, 
1894, Europe; Grassi, 1882, Italy. 

Leptodactylus occellatus : T. leptodactyli, Carini, 1907, Brazil; Machado, 191 1, Brazil; 
Brurnpt, 1915, Brazil. T. rotatorium, Machado, 1911, Brazil. Hg. leptodactyli, 
Lesage, 1908, Argentine. Hg. sp., Carini, 1911, Brazil; Plimmer, 1917, Argen- 
tine. Lankesterella leptodactyli, Ducceshi, 1914, Brazil. 

Leptodactylus pentadactylus : Hg. heteronucleata, (Marini, 1909, Brazil. 

Limnodynastes ornatus : T., Cleland and Johnston, 1911, Australia. 

Limnodynastes tasmaniensis : T., Cleland and Johnston, 1911, Australia; Cleland, 
1917, Australia. 

Microhyla pulchra : T., Mathis and Leger, 1911, Tonkin, 

Pipa americana : Hg. sp., Leger, 1918, French Guiana. 

Rana angolensis : T., Laveran, 1904, South Africa. Hg. theileri, Laveran, 1905, 
Transvaal. Hg. splendena, Laveran, 1905, Transvaal. 

Rana catesbiana : T., Hegner, 1920, North America. Hg. cateshianw, Stebbins, 
1905, North America; Hegner, 1921, North America; Plimmer, 1915, North 
America. Cytamceha ha^cterifera, Hegner, 1921, North America. Octomitus 
sp., Plimmer, 1912, North America. 
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Rana clamata = (Rana clamitans). 

(Rana clamitans) ==Rana clamata : T, rotatorium and T. parvum. Kudo, 1922, North 
America. T., Hegner, 1920, 1921, North America. Hg. clamatWy Stebhins, 
1905, North America; Hegner, 1921, North America; Kudo, 1922, North 
America. Cytamodha hmteriferay Hegner, 1921, North America. 

Rana cyanophlyctis : T., Donovan (first record), India. 

Rana esculenta = (Rana ridibunda) : jT., Wedl, 1850, Europe; Lankester, 1882, 
Europe; Grassi, 1881, Europe; DanUewsky, 1885, 1888, Europe; Laveran and 
Mesnil, 1901, Europe; Gluge, 1842, Europe (!); Mayer, 1843, Europe (?); 
Gruby, 1843, Europe (!); Chaussat, 1850, Europe (?); Lieberkuhn, 1870, 
Europe (!); Rattig, 1875, Europe; Gaule, 1880, Europe; Sergent, Ed. and Et., 

1905, Algeria; Noller, 1912, Europe; Plimmer, 1914, Europe. T. inopinatuniy 
Sergent, 1904, Algeria. Dactyloaoma splendensy Labb6, 1894, Europe; Noller. 
1912, Europe. Hg. splendensy Labb6, 1894, Europe; Franca, 1908, Portugal, 
Hg. magnay Grassi and Feletti, 1891, Italy. Lankesterella minimay Noller, 1912, 
Germany; Lankester, 1882, England. Octomitus intestinalisy Poncelle, 1919, 
Europe. Cytamceha hacteriferay Labb6, 1894, Italy. 

Rana galamensis : P., Dutton, Todd and Tobey, 1907, Congo. Toddia sp., Dutton, 
Todd and Tobey, 1907, Congo. 

Rana guentheri : T., Mathis and Leger, 1911, Tonkin. Hg. minimay Mathis and 
Leger, 1911, Tonkin. Hg. splendenSy Mathis and Leger, 1911, Tonkin. Hg. 
sc^iniy Mathis and Leger, 1911, Tonkin. Hg. theUeriy Mathis and Leger, 
1911, Tonkin. 

Rana hexadactyla : T., Dobell, 1910, Ceylon; Patton, 1908, India; Donovan (first 
record), India. Hg. sp., Patton, 1909, India; Donovan (first record), India. 
Rana limnocharis : T. sp., Mathis and Leger, 1911, Tonkin. Hg. encapaulcB, Berest- 
neff, 1902, India. Hg. minima (Lanheaterella minima)y Mathis and Leger, 191 1, 
Tonkin. Hg. aplendena, Mathis and Leger, 1911, Tonkin. Hg. acheirii, Mathis 
and Leger, 1911, Tonkin. Hg. theUeriy Mathis and Leger, 1911, Tonkin. 

Rana macrodon : T., Z.S., 1925, Malaya. 

Rana mascariensis : T., Dutton, Todd and Tobey, 1907, Congo. Hg. neiretiy Laveran, 

1906, Madagascar. Toddia sp., Dutton, Todd and Tobey, 1907, Congo. 

Rana nutti : T. tumida, Awerinzew, 1918, East Africa. Hg.y Awerinzow, 1913, East 
Africa. 

Rana oxyrhynchus : T., Dutton, Todd and Tobey, 1907, Congo. Toddia sp., Dutton, 
Todd and Tobey, 1907, Congo. 

(Rana ridibunda) =Rana esculenta ; Hg. magna, Wulker, 1919, Macedonia. 
Ranarugosa: T., Koidzumi, 1911, Japan. 

Rana sp. : T. nelaprutenacy Laveran, 1904, Transvaal. T. karyoseuktony Martin. 
Leboeuf and Roubaud, 1909, Congo. Hg. neireti, Laveran, 1905, Madagascar. 
Hg. hereatneffiy Castellani and Willey, 1905, Ceylon. 

Rana temporaria : T., Danilewsky, 1885 and 1888, Europe. 

Rana tigrina : T. rotatorium y Patton, 1908, India. T. henderaoni, Patton, 1908, 
India. Hg. sp., Patton, 1908, India; Schein, 1910, Annam. Hg. encapaulWy 
Berestneff', 1902, India; Patton, 1909, India. Hg. minima (Lankesterella mini- 
ma)y Patton, 1908, India; Mathis and Leger, 1911, Tonkin. Hg. aplendensy 
Mathis and Leger, 1911, Tonkin. Hg. acheini, Mathis and Leger, 1911, Tonkin. 
Hg. theUeriy Mathis and Leger, 1911, Tonkin. Hg. hereatneffiy Castellani and 
Willey, 1905, Ceylon; Patton, 1908, India. Hg. magnay Patton, 1908, India. 
T.y Hg.y and Lankeaterella minima, Z.S., 1925, India. 

Rana trinodis : T., Dutton and Todd, 1903, Gambia. 

Rappia marmorata : T., Dutton, Todd and Tobey, 1907, Congo. 

Rhacophorus leucomystax ; T., Mathis and Leger, 1911, Tonkin. 

Xenopus laevis (clawed toad): Herpetomonaa xenopiy Fantham, 1922, South Africa, 
Hg.y Fantham, 1919, South Africa. 
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Abramis brama (common bream): T, abramidia, Laveran and Mesnil, 1904, France; 
Eeysselitz, 1906, G-ermany; Minchin, 1909, England. Tp, borreli, Keysselitz, 
1906, Germany. Tp. ahramidis, Brumpt, 1 906, France ; Minchin, 1 909, England. 

Accipenser ruthenus (sterlet): Hg, aecipenseris, Nawrotsky, 1914, Eussia. 

Acerina acerina = ( Acerina cernua). 

(Acerina cernua) - Acerina acerina (ruff): T. acerincd, Brumpt, 1906, France; Keys- 
selitz, 1906, Germany. Tp. horreli, Keysselitz, 1906, Germany. 

Agonus catapractus (pQgge): T. catapracti, Henry, 1913, England, Eg, catapraet% 
Henry, 1913, England. 

Anabas scandens (climbing perch): T., Mathis and Leger, 1911, Tonkin. 

Anguilla bengalensis == (Anguilla mauritiana). 

(Anguilla mauritiana) == Anguilla bengalensis : T. anguillicola, Johnston and Cleland, 
1910, Australia. 

Anguilla reinhardtii : T. anguillicola, Johnston and (^leland, 1910, Australia. 

Anguilla sp.: T. granuloaum, Franga, 1908, Portugal. Eg, lignieresi, Laveran, 1906, 
KSouth America. Eg. hettencourti, Franga, 1 908, Portugal. 

Anguilla vulgaris (eel): T. granulosum, Laveran and Mesnil, 1902, France; Sabrazez 
and Muratet, 1902, France; Manca, 1906, Sardinia; Keysselitz, 1906, Germany; 
Franga, 1907, Portugal; Minchin, 1909, England; Lebailly, 1906, Prance; 
Coles, 1914, England. 

Annarrhichas lupus (catfish): Eg. annarrhichadis, Henry, 1912, England. 

Arnoglossus grohmanni : Glohidium (Olobidiellum) multifiduniy Keumann, 1909» 
Naples. 

Arnoglossus laterna = Platophrys laterna (megrim): T. laternce, Henry, 1913, 
Shetland. 

Auchenoglanis biscutatus : T. simondi, Leboeuf and Kingenbach, 1910, Congo. 

Bagrus bayad (bayad): T., Neave, 1906, Sudan. 

Barbus bar bus — (Barbus fiuviatilis). 

Barbus carnaticus : T., Lingard, 1903, India. 

(Barbus fiuviatilis) —Barbus barbus (barbel): T. barbce, Brumpt, 1906, Prance; 
Keysselitz, 1906, Germany. Tp. borreli^ Keysselitz, 1906, Germany; Tp. 
barbed, Brumpt, 1906, Prance. 

Blennius galerita =(Blennius montagui). 

Blennius gattorugine (gattorugine) : Eg. bigemina, Henry, 1913, England. 

(Blennius montagui) = Blennius galerita (Montague's blenny): Eg. bigemina, Laveran 
and Mesnil, 1901, France. 

Blennius pholis (shanny): T. delagei, Brumpt and Lebailly, 1904, Europe. Eg, 
bigemina, Laveran and Mesnil, 1901, France; Henry, 1913, Isle of Man and 
England. 

Blennius trigloides : Eg. londoni, Yakimoff, 1915, Naples. 

Bothus rhombus (brill): T. bothi, Lebailly, 1905, France. Eg. bothi, Lebailly, 1905, 
France. 

Box salpa : T., Fantham, 1919, South Africa. 

(Callionymus dracunculus) =Callionymus l 3 n'a : Eg. quadrigemina , Brumpt and 
Lebailly, 1904, France. Eg. callionymi, Brumpt and Lebailly, 1904, France. 

Callionymus Ip-a (Callionymus dracunculus) (dragonet): T. eallionymi, Brumpt 
and Lebailly, 1904, France; Henry, 1910, England. Eg. quadrigemina, Henry, 
1913, Isle of Man and England. Eg. callionymi, Henry, 1913, Isle of Man. 

Cantharus blochii (sea bream): Eg., Fantham, 1991, South Africa. 

Canthariis emarginata (sea bream): Eg, (leucocytic), Fantham, 1919, South Africa. 

Carassius auratus (goldfish): T., Petrie, 1905, England; Thomson, 1908, England; 
Eobertson, 1911, England; Mathis and Leger, 1911, Tonkin. Tp. cyprini, 
Eobertson, 1911, England; Chalachnikov, 1888, Kharkov. 
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Carassius carassius =(Carassius vulgaris). 

(Carassius vulgaris) —Carassius carassius (crucian carp): T, carassii, Mitrophanov, 
1883, Europe; Keysselitz, 1906, Germany. Tp. cyprini, Plehn, 1903, Germany 
Keysselitz, 1906, Germany. 

Carcharias sp. : T, carchariaai, Laveran, 1908, Australia. 

Catastonus commersonii : Tp. horreli, Mavor, 1915, America. 

Cestracion japonicus (Heterodontus japonicus). 

Chrysichthys auratus : T., Wenyon, 1909, Sudan. 

Chrjrsophrys globiceps : Ilg. (leucocytic), Fantham, 1919, South Africa. 

Clarias angolensis : T., Dutton, Todd and Tobey, 1906, Congo. 

Clarias anguillaris : T. toddi, Bouet, 1909, Africa; Wenyon, 1909, Sudan. 

Clarias gariepinus : T., Fantham, 1919, South Africa. 

Clarias macrocephalus : T. clarim, Montel, 1905, Cochin-China; Mathis and Leger, 
1911, Tonkin. Tp. clarice, Mathis and Leger, 1911, Tonkin. 

Clarias sp. : T., Zupitza, 1909, Cameroons. 

Clinus taurus : Eg., Fantham, 1919, South Africa. 

(Cobitis barbatula) = Nemachilus barbatula (loach): T. harhatulcB, L^gor, L., 1904, 
Europe; Danilewsky, 1885, Europe; Keysselitz, 1906, Germany. Tp. varium, 
L6ger, L., 1904, France; Keysselitz, 1906, Germany. 

(Cobitis fossilis) — Misgurnus fossilis (giant loach): T. cobitis, Mitrophanov, 1883, 
Europe; Danilewsky, 1885, Europe. 

Copidoglanis tandanus : T. hancrofti, Johnston and Cleland, 1910, Australia. 

Cottus bubalis (father lasher): T. cotti, Brumpt and Lebailly, 1904, Europe. Eg. 
cotii, Brumpt and Lebailly, 1904, France; Henry, 1910, 1913, Isle of Man. 
EcBmohormidium cotti, Hmry, 1910, Isle of Man. 

Cottus gobio (bull-head): T. langeroni, Brumpt, 1906, Europe. Tp. guernei, Brumpt, 
1905, France. 

Cottus scorpius (father lasher): Eg. cotti, Henry, 1910, 1913, England; Bentham, 
1917, England. E mmohormidium cotti, Henry, 1910, Isle of Man. 

Cyprinus carpio (common carp): T. danilewskyi, Laveran and Mesnil, 1904, Europe; 
Keysselitz, 1906, Germany. Tp. horreli, Keysselitz, 1906, Germany. 

Dentex argyrozona : T., Fantham, 1919, South Africa. Eg. (leucocytic), Fantham, 
1919, South Africa. Eerpetomonas denticis, Fantham, 1919, and Fantham 
and jPorter, 1920, South Africa. 

Diagramma mediterraneum : Eg. daharensis, Leger, A. and M., 1920, Dakar. 

Doras armatulus : Eg., Migone, 1916, Paraguay. 

Esox lucius (pike): T. remaki, Laveran and Mesnil, 1901, France; Danilewsky, 1885, 
Europe; Chalachnikov, 1888, Europe; Keysselitz, 1906, Germany; Minchin, 
1909, England; Nawrotzky, 1914, Europe; Coles, 1914, England. Tp. horreli, 
Keysselitz, 1906, Germany. Tp. gurneyorum, Minchin, 1909, England; Naw- 
rotzky, 1914, Russia. Eg. esoci, Nawrotzky, 1914, Russia. 

Esox reticulatus = (Lucius reticulatus) (pickerel): T. remaki. Kudo, 1921, North 
America. 

Etroplus maculatus : T., Patton, 1908, India. 

(Flesus vulgaris) =Pleuronectes flesus (flounder): Eg. flesi, Lebailly, 1904, France. 

Gadus aeglefinus (haddock): T. ceglefini, Henry, 1913, Shetland. Eg. cegleflni, 
Henry, 1913, Shetland. Olohidium (Globidiellum) multifidum, Neumann, 
1909, Naples; Henry, 1913, Isle of Man. 

Gadus pollachius (pollack): Eg. pollachii, Henry, 1913, Isle of Man. 

Gobio fluviatilis = Gobio gobio (gudgeon): T. elegans, Brumpt, 1906, France. Tp., 
Laveran and Mesnil, 1912, France. Eg. gobionis, (?) Franchini, 1923, France. 

Gobio gobio —Gobio fluviatilis. 

(Gobius auratus) =Gobius parnelli (little and speckled goby): Eg. hartochi, Yakimoff, 
1915, Naples. 

Gobius capito (giant goby): Eg. yakimowi-kohli, Wladimirow, 1910 (quoted by 
Yakimod, 1915), and Yakimoff, 1915, Naples. 
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Gobius cruentatus : Eg, wladimirovi, YakimofI:, 1915, Naples. 

Gobius giuris : T., Castellani and Willey, 1905, Ceylon; Patton, 1908, India. 

(Gobius jozo) =Gobius niger : Eg. marzinowsMi, Yakimoff, 1915, Naples. 

Gobius minutus (spotted goby): Eg, mimuta, Neumann, 1908 and 1909, Naples. 
Globidium (Cflohidiellum) multiforme, Neumann, 1909, Naples. 

Gobius niger = (Gobius jozo) (rock goby): T, gohii, Brumpt and Lebailly, 1904, 
Europe. Eg, hlanchardi, Brumpt and Lebailly, 1904, France. Eg, gohii, 
Brumpt and Lebailly, 1904, France. 

Gobius nudiceps : T. nudigohii, T, capigohii, Fantham, 1919, South Africa. 

Gobius paganellus (paganellus): Eg. polypartita, Neumann, 1908 and 1909, Naples; 
Henry, 1913, England. 

Gobius parnelli = (Gobius auratus). 

(Heterodontus japonicus) — Cestracion japonicus : Eg, heterodonti, Prowazek, 1910, 
Japan. 

Hippoglossoides platessoides =(Limanda platessoides). 

(Hypostomus auroguttatus) =Plegostomus auroguttatus : T, hypostomi, Splendore, 
1910, Brazil. 

Idus melanotus — (Leuciscus idus). 

(Labeo falcifer) -Labeo falcipinnis : T., Bodhain, 1907, Congo. 

Labeo falcipinnis — (Labeo falcifer). 

Labeo macrostoma : T. and Tp,, Bodhain, 1907, Congo. 

Labrus maculatus (ballan wrasse): Eg. lahri, Henry, 1910 and 1913, Isle of Man. 

(Leuciscus cephalus) =Squalus cephalus : T, and Tp, borreli, Keysselitz, 1906, 
Germany. 

(Leuciscus erythrophthalmus) -Scardinius er 3 rthrophthalmus : T. and Tp. borreli, 
Keysselitz, 1906, Germany. 

(Leuciscus idus) =Idus melanotus : T. and Tp. borreli, Keysselitz, 1906, Germany. 

(Leuciscus rutilus) =Rutilus rutilus (roach): T. leucisci. Coles, 1914, England. 
and Tp. borreli, Keysselitz, 1906, Germany. 

Leuciscus sp. : T. leucisci, Brumpt, 1906, France. 

Lichia amia (albicore): T., Fantham, 1919, South Africa. 

(Limanda platessoides) = Hippoglossoides platessoides (long rough dab): T. limandce, 
Brumpt and Lebailly, 1904, France. 

Lota lota = (Lota vulgaris). 

(Lota vulgaris) =Lota lota (burbot eel-pout): T., Keysselitz, 1 906, Germany; Laveran 
and Mesnil, 1912, Europe. Tp. borreli, Keysselitz, 1906, Germany. 

(Lucius) ==Esox. 

(Lucius reticulatus) ==-Esox reticulatus : T. remold. Kudo, 1921, North America. 

(Macrodon malab 2 Lricus) — Macrodon trahira : T. maorodonis, Botelho, 1907, 
Brazil. 

Macrodon trahira ~ (Macrodon malabaricus). 

(Macrodopus viridi-auratus) =Polyacanthus opercularis (paradise fish): T. pelligrini, 
Mathis and Leger, 1911, Tonkin. 

Macrones cavasius : T., Castellani and Willey, 1905, Ceylon. 

Macrones seenghala : T,, Lingard, 1904, India. 

Malapterurus electricus (electric eel): T., Bodhain, 1907, Congo. 

Microstomus kitt = (Pleuronectes microcephalus). 

Misgurnus anguillicaudatus : T. and Tp., Tanabe, 1924, Japan. 

Misgurnus fossilis =^(Cobitis fossilis). 

Monochirus luteus -(Solea lutea). 

Monopterus javanensis : T. roulei and Tp., Mathis and Leger, 1911, Tonkin. 

Mugil sp.: T., Neave, 1906, Sudan. 

Mugil capito (grey mullet); Eg,, Fantham, 1919, South Africa. 
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Narcacion torpedo =Torpedo ocellata. 

Nemachilus barbatula = (Cobitis barbatula). 

Ophiocephalus maculatus (serpent-head): T,, Mathis and Leger, 1911, Tonkin. 

Ophiocephalus obscurus (serpent-head): T., Wenyon, 1909, Sudan. Hg, nili^ 
Wenyon, 1909, Sudan. 

Ophiocephalus striatus (serpent-head): T., Lingard, 1903, India. 

Pagrus laniarius (snapper): Hg., Fantham, 1919, South Africa. 

Perea fluviatilis (perch): T. percce, Brumpt, 1906, France; Keysselitz, 1906, Germany; 
Minchin, 1909, England; Coles, 1914, England. Tp. horreli, Keysselitz, 1906, 
Germany. 

Periophthalmus koelreuteri (mud-skipper): T,, Zupitza, 1909, Caraeroons. 

Phoxinus aphya=Phoxinus phoxinus ==(Phoxinus Isevis). 

(Phoxinus laevis) = Phoxinus phoxinus Phoxinus aphya (minnow): T. phoxini^ 
Brumpt, 1906, France. Tp. horreli, L6ger, L., 1904, France. 

Phoxinus phoxinus == (Phoxinus laevis) ^Phoxinus aphya. 

Pimelodus mangurus =(Zungaro mangurus). 

Platessa vulgaris) =Pleuronectes platessa (plaice): T. platessce, Lebailly, 1904, 
Franco; Robertson, 1906, England; Henry, 1910, England. Hg. platessce, 
Lebailly, 1904, France. 

Platophrys laterna — Arnoglossus laterna : T. laternce, Lebailly, 1904, France. Hg. 
laterncB, Lebailly, 1904, France. 

Plecostomus auroguttatus — (Hypostomus auroguttatus). 

Plecostomus punctatus : T. chagasi, Horia, 1910, and Horta and Machado, 1911, 
Brazil. 

Pleuronectes flesus = (Flesus vnigaris) : T. flesi, Lebailly, 1904, France; Robertson, 
1906, England. Fig., Robertson, 1906, England ;|Coles, 1914, England. 

(Pleuronectes microcephalus) =Microstomus kitt (smear dab): Hg. platessce, Henry, 
1913, Scotland. 

Pleuronectes platessa = (Platessa vulgaris) (plaice); T. platessce, Henry, 1913, Scot- 
land; Robertson, 1906, England. Hg. platessce, Lebailly, 1904, Prance; Henry, 
1913, Isle of Man; Robertson, 1906, England. 

Polyacanthus opercularis ^(Macropodus viridi-auratus). 

Polypterus sp. : T., Neave, 1906, Sudan. 

Pseud oplatystoma coruscans : Hg., Migone, 1916, Paraguay. 

Raja asterias =^(Raja punctata). 

Raja batis (skate): T. rajee. Coles, 1914, England. Hg., Coles, 1914, England; 
Bentham, 1915, England. 

Raja capensis : T., Fantham, 1919, South Africa. 

Raja clavata (thornback ray): T. rajee, Laveran and Mesnil, 1902, Europe. 

Raja macrorhynchus (flapper skate): T. rajee, Laveran and Mesnil, 1902, Europe. 

Raja microcellata (painted ray): Hg. delagei, Robertson, 1906, England. 

(Raja mosaica) = Raja undulata: T. ram, Laveran and Mesnil, 1902, Europe; Hg. 
delagei, Laveran and Mesnil, 1901, France. 

Raja ocellata : T. raice. Kudo, 1923, North America. 

Raja oxyrhinchus (long-nosed skate): T. giganteum, Neumann, 1909, Europe. 

^Raja punctata) =- Raja asterias : T. rajee, Laveran and Mesnil, 1902, Europe; T. 
variahtle, Neumann, 1909, Europe; Brumpt, 1906, Europe; Robertson, 1907 
and 1909, England. Hg. delagei, Laveran and Mesnil, 1901, Prance. 

Raja sp.: T. rajee, Henry, 1913, Shetland. 

Raja undulata ^ (Raja mosaica). 

Rhamdia queleni : T. rhamdiee, Botelho, 1907, BraziL 

Rutilus rutilus = (Leuciscus rutilus). 

Saccobranchus fossilis : T. scLcchobranchi, T., Castellani and Willey, 1906, Ceylon. 

Salmo fmrio : Tp. truttce, Brumpt, 1906, Prance. Tp. valentini, Gauthier, 1920, 
France. * 



PISCES im 

Scardinius erythrophthalmus (rudd); T. 8cardini% Brumpt, 1906, Prance. Tp, 
borreli, Laveran and Mesnil, 1901, France; Minchin, 1909, England. 

Scomber scomber (mackerel): flcematractidium scombri, Henry, 1910, Isle of Man. 
Scorpaena scrofa : Hg,, Neumann, 1908, Naples. 

Scorpaena ustulata : T. scorpcence, Neumann, 1909, Europe. Hg. scorpcsncs, Neumann, 
1909, Naples. 

Scylliorhinus canicula =(Scyllium canicula ^Scyllium catulus). 

Scylliorhinus cephalus Squalus cephalus. 

Scylliorhinus stellaris =(Scyllium stellaris). 

(Scyllium canicula) = Scylliorhinus canicula (rough hound): T. scyllii, Laveran and 
Mesnil, 1902, Europe; Henry, 1910, Isle of Man. 

(Scyllium catulus) = Scylliorhinus canicula (rough hound): T. scyllii, Coles, 1914, 
England. Hg., Coles, 1914, England. 

(Scyllium stellaris) = Scylliorhinus stellaris (nurse hound): T. scyllii, Laveran and 
Mesnil, 1902, Europe. 

Siluris glanis (wels): T., Keysselitz, 1906, Germany. 

(Solea lutea) ==Monochirus luteus : llg. clavata, Neumann, 1908 and 1909, Naples; 

Henry, 1913, England; YakimofP, 1915, Naples. 

Solea monochir : T. dohrni, Yakimoff, 1911, Italy. 

Solea solea — (Solea vulgaris). 

(Solea vulgaris) Solea solea (common sole): T. solas, Laveran and Mesnil, 1901, 
Europe; Lebailly, 1906, Europe; Henry, 1910, England; Coles, 1914, England. 
Hg. simondi, Laveran and Mesnil, 1901, France; Henry, 1913, Isle of Man and 
England; Coles, 1914, England. 

Squalus cephalus — Scylliorhinus cephalus : T. squalii, Brumpt, 1906, France. 
Syngnathus acus (greater pipe fish): T. yakimovi, Wladimiroff, 1910, Europe. 
Synodontis notatus : T, synodontis, Leboeuf and Bingenbach, 1910, Congo. 
Synodontis schall : T., Neave, 1906, Sudan. 

Synodontis sp. : T., Weiiyon, 1909, Sudan. 

Thalassina columna : T. sp., Wurtz and Thiroux, 1909, Senegal. 

(Tilapia lata) =^Tilapia melanopleura : T., Leger, M. and A., 1914, Niger. Hg, 
tilapias, Leger, M. and A., 1914, Senegal. 

Tilapia melanopleura ^(Tilapia lata). 

Tilapia zillii : T., Wenyon, 1909, Sudan. 

Tinea tinea— Tinea vulgaris (tench): T. tineas, Laveran and Mesnil, 1904, France; 
Danilewsky, 1885, Europe; Doflein, 1901, Europe; Keysselitz, 1906, Germany; 
Minchin, 1909, England. Tp, borreli, Keysselitz, 1906, Germany. Tp. keys- 
selUzi, Minchin, 1909, England. Hg. laverani, (?) Fraiichini, 1923, France. 
Tinea vulgaris ^ Tinea tinea. 

Torpedo marmorata : T. forpedinis, Sabarez and Muratet, 1908, Europe. Hg, 
lo-bianci, Yakimoff, 1915, Naples. 

Torpedo ocellata =^Narcacion torpedo: Hg. torpedinis, Neumann, 1908 and 1909, 
Naples. 

Trachinus vipera (viper weever): Hg., Coles, 1914, England. 

Trichogaster fasciatus : T., Lingard, 1904, India. II g. sp., Plimmer, 1914, India. 
(Trigla corax) — Trigla poeciloptera (tubfish): T. triglas, Neumann, 1909, Europe. 
Trigla gurnardus (Bloch’s gurnard): T. triglas, Henry, 1913, Shetland. 

Trigla lineata (streaked gurnard): T. triglas, Minchin and Woodcock, 1910, Italy. 

Hg. rovignensis, Minchin and Woodcock, 1910, Italy. 

Trigla poeciloptera =^( Trigla corax). 

Zeugopterus punctatus (topknot): T., Henry, 1910, Isle of Man. Hg. zeugopteri, 
Henry, 1910 and 1913, Isle of Man. 

Zoarces viviparus (viviparous blenny); Hg. bigemina, Bentham, 1917, England. 
(Zungaro mangurus) -Pimelodus mangurus ; Hg., Migone, 1916, Paraguay. 
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II. INVERTEBRATE HOSTS OF TRYPANOSOMIDiE. 

The following abbreviations are used: C.=Crithidia ; H. = Herpeto- 
monas; L,=Leptomonas ; T,^ Trypanosoma. The list contains the hosts 
of Trypanosomidse of the genera Leptomonas, Crithidia, and Herpetomonas, 
These names are used according to the definition of the genera given above 
(p. 318). The first name given to a parasite is the one the flagellate should 
have according to this definition. If the original description has recorded 
leptomonas forms, but no crithidia or trypanosome forms, the flagellate is 
placed in the genus Leptomonas ; if crithidia forms and no trypanosome 
forms, in the genus Crithidia ; and if trypanosome forms, in the genus 
Herpetomonas. The first name, therefore, gives definite information 
regarding the known morphology of the flagellate. 

INSECTA. 

OETHOPTERA: 

Periplaneta orientalis : L. periplanetw periplanetw, Laveran and Franchini, 
1920, Italy. 

NEUROPTEEA: 

Panorpa communis : H. sp. —L, sp., Zotta, 1925, Eoumaiiia. 

EHYNCHOTA: 

PENTATOMlDiE : 

Aspongopus viduatus : L. aspongopi. Woodcock, 1914. ^U. asnonqom, Aders, 

1909, Sudan. 

Carbula jipensis : L. sp., Eobertson, 1912, Uganda. 

Coenus delius ; U. sp. =L. sp., Glasgow, 1914, America. 

Erthesina fullo : L. sp., Villain, 1925, Honan, China. =G., Carter, 1911, India. 
Eurydema ornatum = (Pentatoma ornata). 

Eurydema ornatum var. pectorale (Pentatoma ornata var. pectoralis). 
Graphosoma lineatum var. italicum : C. sp., Franchini, 1922, Italy. 

Holcostethus limbolarius = (Peribalus limbolarius). 

Pentatoma juniperina (salivary glands and gut): C. sp., Franchini, 1922, Italy. 
(Pentatoma ornata) = Eurydema ornatum (salivary glands and gut): C. sp., 
Franchini, 1922, Italy. 

(Pentatoma ornata var. pectoralis) == Eurydema ornatum var. pectorale (salivary 
glands and gut): C. sp., Franchini, 1922, Italy. 

Pentatoma sacastia : C. sp., Franchini, 1922, Italy. 

(Peribalus limbolarius) = Holcostethus limbolarius (salivary gland only): L. sp. 

=H. sp., Glasgow, 1914, America. 

Podosius maculiventris : U. sp. =L. sp., Glasgow, 1914, America. 

CoilElD£ : 

Genus (?): L., (?) Sant’ Anna, 1913, Principe. 

Cletus bisbipunctatus : L. sp., Eodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. sp., Drbohlav, 1925. 

Cletus lituripennis : L. sp., Eodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 
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RHYNCHOTA— Conemwei ; 

CoREiD^ — continued : 

Chariesterus cuspidatus : L,^ Strong, 1924, Central America (see p. 383). 

Cletus varius : O. cleti, Hindle and Lewis, 1912, South Africa; Woodcock, 1914. 

(Leptocoris trivittatus) =Serinetha trivittata: ( 7 . leptoooridis, McCulloch, 1915, 
California. 

Leptoglossus membranaceus : O. sp., Robertson, 1912, Uganda. =ZZ. lepto- 
glossi, Drbohlav, 1925. 

Mirperus jaculus : L. mirperi, Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. —H. mirperi, Drbohlav, 1925. 

Oncopeltus cingulifer : L. sp., Noguchi, 1924, Honduras. 

Oncopeltus famelicus : L, sp., Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Oncopeltus fasciatus (salivary glands): L. = H,, Holmes, 1925, Maryland and 
New Jersey. = (?) Phytomonas elmassiani of Aaclepias syriaca (see p. 391). 

Serinetha amicta : L. sp., Rodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. ^H. sp., Drbohlav, 1925. 

Serinetha fraterna : L. serinethce, Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. —H. serinithce, Drbohlav, 1925. 

Serinetha trivittata == (Leptocoris trivittatus). 

LYGiEIDiE: 

Anoplocnemis sp.: 0. sp., Shortt, 1923, India. 

Diuches humilis : L, sp., Bouet and Roubaud, 1911, French Sudan. =Develop- 
meiital forms oi Phytomonas davidi (?). 

Lygaeus familiaris : L, familiaris, Zotta,1923, Roumania. 

Lygaeus hospes : L. inhospes =H. inhospes, Donovan, 1909, India. 

Lygaeus militaris : L. lygcei. Woodcock, 1914. =H. lygcei, Patton, 1908, India; 
Archibald, 1911, Sudan. 

Lygseus saxatilis : L. sp. sp., Franchini, 1922, Italy. 

Nysius euphorbise : L. sp., Lafont, 1911, Mauritius. = Developmental forms of 
Phytomonas davidi (?). 

Oxycarenus lavaterae : O. oxycareni, Franchini, 1922, Italy. 

Pselliopus zebra: 0. sp., Tejera, 1919, Venezuela; Gonzales Rincone, 1924, 
Venezuela. 

PYRRHOCORIDiE : 

Dysdercus casiatus : L, sp. =^. sp., Robertson, 1912, Uganda. —H, dyscert 
and 0. dyscerci, Drbohlav, 1925. 

Dysdercus cingulatus : L, sp., Donovan (first record), India. 

Dysdercus superstitiosus : L. sp., Blacklock, 1923, Sierra Leone. 

Euryophthalmus convivus : G, euryophthalmi, McCulloch, 1917, California. 

Pyrrhocoris apterus : L. pyrrhocoris —H, pyrrhocoris, Galli- Valerio, 1915, 
1920, Europe; Zotta, 1912, 1921, 1923, Roumania; L6gor and Duboscq, 
1910, Franco; Franchini, 1922, Italy. 

Reduviid^ : 

Apiomerus elatus : C. sp., Gonzales Rincone, 1924, Venezuela. 

Apiomerus nalipa ( =lanipes ?) : G. nalipi, Tejera, 1919, Venezuela. 

(Conorhinus rubrofasciatus) =Triatoma rubrofasciata : G. conorhince, Donovan, 
1909, India. 

Cosmolestes pictus : L. sp., Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. =H. sp., Drbohlav, 1925. 

Hammatocerus cinctipes : G. sp., Tejera, 1919, Venezuela. 

(Harpactor iracundus) =Rhiqocoris iracundus: Z>. a^gilis, Chatton, 1909, France. 
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RHYNCHOTA— ; 

REDUViiDiE — continued : 

Hiranetis braconiformis : L, sp., Tejera, 1919, Venezuela. O. sp., Gonzales 
Rincone, 1924, Venezuela. 

Leogorrus litura : O. liturosy Tejera, 1919, Venezuela; Gonzales Rincone, 1924, 
Venezuela. 

Notoc 3 rrtiis foveatus : L. foveati (L, striati), Tejera, 1919, Venezuela. 

Rhinocoris albopilosus : G, vacuolata, Rodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

Rhinocoris iracundus —(Harpactor iracundus). 

Rhodnius prolixus : H, rangeliy Tejera, 1920, South America. 

Triatoma protracta: H. triatomoe —T, triatomce, Kofoid and McCulloch, 1916, 
California. 

Triatoma rubrofasciata = (Conorhinus rubrofasciatus). 

Zelus Janus : L, sp., Tejera, 1919, Venezuela. C, sp., Gonzales Rincone, 1924, 
Venezuela. 

Capsim : 

Capsid sp. (f ): X. or 0., Robertson, 1912, Uganda. 

Hydeometrid^: 

Gerris fossarum : O. gerridisy Patton, 1908, India; Dunkerly, 1913, England; 
Woodcock, 1914, England; Fantham, 1919, South Africa. — //. gerridiSy 
Doflein, 1916. 

Gerris marginatus : C. gerridiSy Becker, 1923, North America. 

Gerris najas : 0. sp., Franca, 1920, Portugal. 

Gerris paludum : 0. gerridiSy Porter, 1910, England. 

Gerris remigis : 0. gerridiSy Becker, 1923, North America (trypanosome stages 
seen = ( f ) . gerridis), 

Gerris rufoscutellatus : C. gerridiSy Becker, 1923, North America. 

Gerris sp.: (7. gerridis, Rodhain, Pons, Vandenbranden and Bequaert, 1913, 
Belgian Congo. 

Microvelia americana: 0. gerridis, Becker, 1923, North America. 

Microvelia sp.: O. gerridis, Patton, 1913, India. 

Peritopus sp. : G. gerridis, Patton, 1913, India. 

Velia currens : G. veliw, Dunkerly, 1913, Ireland. L. velice, Dunkerly, 1913, 
Ireland. 

NEPID.E : 

Nepa cinerea : L. jucnlum. Woodcock, 1914. —H. jaculum, L6ger, L., 1902, 

Prance; Porter, 1909, England; L6ger and Duboscq, 1910. 

Naucorid^: 

Naucoridae : G. sp., Robertson. 1911, England. 

Naucoris maculatus : L, naucoridis, Poisson, 1926, France. 

Naucoris viridis : L. sp., Poisson, 1926, Prance. 

ANOPLURA: 

Pediculus vestimenti : L, pedicuU —H.. pedicuU, Fantham, 1912, England. 
G,y Mackie, 1907, India. 

Polyplax spinulosus (Haematopinus spinulosus) : 0. hcematopince, Patton 1908, 
England. 

TRICHOPTERA: 

Anabolia sp. (larva): O. campanulata, L4ger, L., 1903, Prance; Mackinnon, 
1911, Scotland. =H. campanulata, Doflein, 1916. 

Limnc^hil^ sp. (larva): 0, campanulata, L6ger, L., 1903, France; Mackinnon, 
1911, Scotland. campanulata, Doflein, 1916. 
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LEPIDOPTERA: 

Agrotis pronubana (body cavity): L, chattoni, Paillot, 1923, Europe. 

Bomb 3 rx mori : L, homhycis =H, hombycis, Levaditi, 1905, France. 

BIPTERA: 

TiPULIDiE (Ptychopterid^): 

Ptychoptera contaminata (larva): C. campanulata, L6ger and Duboscq, 1909, 
France. =71. campanulata, Doflein, 1916. 

ChiRONOMID/E : 

Chironomus plumosus (larva): C. campanulata, L6ger, L., 1903, France; Wood- 
cock, 1914. =J?. campanulata, Doflein, 1916. 

Forcipomyia sp. : 2/., (1) Townsend, 1915, Peru. 

Tan 3 rpus sp. (larva): L, gracilis =H. gracilis ^ L6ger, L., 1903, France. 

SiMULim JE : 

Simulium columbaczense : 0. simulice, Greorgewitch, 1909, Serbia. 

Simulium sp. : Z. sp. —TJ, sp., Robertson, 1913, Uganda. 

PSTCHODID^: 

Phlebotomus minutus : Bodo pMebotomi^ Sliortt, 1925. —H, phlebotomi, Mackie, 
1914, India; Patton, 1919, 1920 (seep. 435). 

Phlebotomus papatasi : L. papatasii (? Leishmania tropica) =H. phlebotomit 
Laveran and Franchini, 1920, Italy; Patton, 1919, 1920 (see p. 435). —H. 
papatasii, Adler, 1925, Palestine; Adler and Theodor, 1925, Palestine. 

Phlebotomus sp. : L, papntash (? Leishmania tropica) =H, sp., Wenyon, 1912, 
Aleppo. 

CuLicii).®: 

Aftdes triseriatus =(Culex triseriatus). 

Aedes vexans =(Culex sylvestris). 

Anopheles maculipennis : (\ fasciculata, L6ger, L., 1902, Prance; L^ger and 
Duboscq, 1902; Joyeux, 1918, and Wenyon, 1921, Macedonia; Laveran 
and Franchini, 1913, Italy. H, sp. ^flagellates, Laveran and Franchini, 
1920, Italy. 

Anopheles maculipennis (larva and nymph): L. sp. =//. sp., Ed. and Et. 
Sergent, 1906, and Et. Sergent, 1925, Algeria. 

Anopheles mauritianus =(Myzorhynchus paludis). 

Anopheles nili = (Myzomyia nili) : C, sp. =//. sp., Wenyon, 1909, Sudan. =77. 
myzomyicB, Drbohlav, 1925. 

Anopheles sp. (flagellates): (?)Z. or U., Ross, 1898 and 1906, India; Christophers, 
1901, West Africa; Chaterjee, 1901, India. 

Anopheles Stephens! =(Neocellia Stephens!): C. orZ., Patton, 1912, India. =C. 
neoceliw, Drbohlav, 1925. 

Anopheles superpictus : C. fasciculata, Wenyon, 1921, Macedonia. 

Anopheles umbrosus ; O., Thomson and Robertson, 1925, Federated Malay 
States. 

Culex fatigans : L, culicus. Woodcock, 1914. =7/. culicis, Patton, 1912, Madras. 
= 77., Adie, 1907, India. 

Culex pipiens : L, fasciculata. Woodcock, 1914; Noller, 1917, Germany; Schulz, 
1924, Germany. —C, fasciculata, Novy, MacNeal and Torrey, 1907, North 
America. =H. sp., Patton, 1907, England. C. culicis. Woodcock, 1914. 
— T, culicis, Novy, MacNeal and Torrey, 1907, North America. =T. 
noctucB, Schaudinn, 1904, Italy. ^Spirochwta ziemannii, Schaudinn, 1904, 
Italy. =77. sp., Laveran and Franchini, 1920, Italy. 77. algeriense, Ed. 
and Et. Sergent, 1906, and Et. Sergent, 1925, Algeria. =77., Z., and T., 
Laveran and Franchini, 1920, Italy. 
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DIPTE K A — Continued : 

CuLiciDiE — continued : 

Culex pungens : L, faeeieulata. Woodcock, 1914. =0, fasciculata, Novy, MacNeal 
and Toney, 1907, North America. O. culicis. Woodcock, 1914. = T. culicis, 
Novy, MacNeal and Toney, 1907, North America. 

(Culex richiardii) = Tseniorh3mchus richiardii : C, cuUcie, Mezincescu, 1908, 
Europe. 

Culex sp. (flagellates): L. or 0., (?) Ross, 1898 and 1906, India; Christophers, 
1901, West Africa; Patton, 1912, India. 

Culex sp. (larvffi): 0. or i., Lingard and Jennings, 1906, India. 

Culex sp. (salivary glands): ( 7 ., Mathis, 1914, Tonkin. 

(Culex sylvestris) =Aedes vexans : L. faaciculata. Woodcock, 1914. =-C, faecicu- 
lata, Novy, MacNeal and Torrey, 1907, North America. G. culicis. Wood- 
cock, 1914. ~ T. culicis, Novy, MacNeal and Torrey, 1907, North America. 

(Culex triseriatus) — ASdes triseriatus : L. fasciculata. Woodcock, 1914. =0. 
fasciculata, Novy, MacNeal and Torrey, 1907, North America. C. eulicis, 
Woodcock, 1914. ==T. culicis, Novy, MacNeal and Torrey, 1907, North 

America. 

(Myzorh3mchus paludis) —Anopheles mauritianus (flagellates): Dutton, Todd 
and Tobey, 1907, Congo. 

(Stegomyia fasciata) - Aedes argenteus: H. algeriense, Ed. and Et. Sergent, 1906, 
and Et. Sergent, 1925, Algeria. Flagellates, Durham, 1900, South America. 
G. sp., Noc and St^venel, 1913, Martinique. 

(Stegomyia fasciata) =At:des argenteus (larva and pupa): L. sp. ~H. sp., Wenyon, 
1911, Mesopotamia 

Taeniorhynchus richiardii == (Culex richiardii). 

Theobaldia annulata : L, fasdculata, Schulz, 1924, Germany. 

Stratiomyidje: 

Stratiomyia chameleon : L, stratiomyim — H. stratiomyice, Fantham and Porter, 
1913, England. 

Stratiomyia potamida : L, atratiomyias —H. stratiomyice, Fantham and Porter, 
1913, England. 

Stratiomyia sp. (larva): L, larvicola, Roubaud, 1909, Congo. =H, larvicola, 
Drbohlav, 1925. 

Tabanid^: 

Chrysops funebris : G. sp., Fraser and Duke, 1912, Uganda. 

Haematopota duttoni : G. tenuis, Rodhain, Pons, Vandenbranden and Bequaert, 
1913, Belgian Congo. 

Haematopota italica : G. suhulata —II. auhulata, L6ger, L., 1902, Prance. 

Haematopota pluvialis : G. hcematopotw, Jegen, 1924, Switzerland. =0. sp., 
Knuth and Rauchbaar, 1910, (xermariy. 

Haematopota vandenbranden! : G, tenuis, Rodhain, Pons, Vandenbranden and 
Bequaert, 1913, Belgian Congo. 

Haematopota sp. : 0 . sp., Donovan (first record), India. 

Pangonia australis : C. sp., Monfallet, 1913, Chili. 

Pangonia infusca: (erroneously used for P.neavei by Rodhain, Pons, Vanden- 
branden and Bequaert, 1912, and Rodhain, 1913). 

Pangonia neavei : G. pangonice, Rodhain, Pons, Vandenbranden and Bequaert, 
1913, and Rodhain, 1913, Belgian Congo. —L. pangonice, Rodhain, Pons, 
Vandenbranden and Bequaert, 1912, Belgian (^ongo. =1^., Rodhain, 
Bequaert, Pons and Vandenbranden, 1911, Belgian Congo. 

Tabanus africanus : G. sp. =H. sp., Wenyon, 1909, Sudan. 

Tabanus bovinus : G. sp., Noller, 1915, Poland. 

Tabanus bromius : 0. sp., Noller, 1916, Berlin. 
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DIPTERA — Continued : 

Tabanid^ — continuea : 

Tabanus congoiensis : L, sp. ~H, sp., Bruto da Costa, 1914; Sant’ Anna, 1916, 
Isle of Principe. 

Tabanus ditaeniatus : O. sp. sp., Wenyon, 1909, Sudan. 

Tabanus fasciatus : O. sp. sp., Wenyon, 1909, Sudan. 

Tabanus fuscomarginatus : 0. sp., Bruce, Hamerton and Bateman, 1910, 
Uganda. 

Tabanus glaucopis: C, 8ubulata=H. auhulata, L6ger, L., 1904, France; Doflein, 
1916. =!r. theileri, Noller, 1916, Germany (see p. 501). 

Tabanus gracilis : C. sp. sp., Wenyon, 1909, Sudan. 

(Tabanus hilaris) = Tabanus tenens : O. tahani, Patton, 1908, India. 

Tabanus par : C. sp. sp., Wenyon, 1909, Sudan. 

Tabanus secedens : 0. sp., Bruce, Hamerton and Bateman, 1910, Uganda; 
Fraser and Duke, 1912, Uganda. 

(Tabanus socius) =Tabanus taeniola : O. sp. sp., Wenyon, 1909, Sudan. 
Tabanus sp.: C. tahani, Patton, 1908, India; Mathis and Leger, 1911, Tonkin. 

C, sp., Knuth and Bauchbaar, 1910, Germany. 

Tabanus striatus : C. sp., Patton, 1910, India. 

Tabanus taeniola —(Tabanus socius = Tabanus virgatus) : L. sp. —H. sp., Bruto 
da Costa, 1914; Sant’ Anna, 1915, Isle of Principe. 

Tabanus tenens = (Tabanus hilaris). 

Tabanus tergestinus : O. minuta, L6ger, L., 1903, France. =//. minuta, Leger, L., 
1904, France; Doflein, 1916. 

Tabanus testaceomaculatus : O. sp., Monfallet, 1913, Chili. 

Tabanus thoracinus : ( 7 . sp., Bruce, Hamerton and Bateman, 1910, Uganda; 
Fraser and Duke, 1912, Uganda. 

(Tabanus virgatus) = Tabanus taeniola : G, sp. =/?. sp., Wenyon, 1909, Sudan, 
Asilid^ : 

Asilus sp. : X. sj)., Rodhain, Bequaert, Pons and Vandenbranden, 1911, Belgian 
Congo. 

Dioctria rufipes : lepto-trypanoides, Hollande, 1922, Europe. 

Syrphid/E : 

Eristalistenax (larva): X. erisialis eristalis, Fantham, 1924, South Africa. 
Sepsid^. : 

Sepsis sp. : //. sp., Drbohlav, 1925. =X. sp., Roubaud, 1912, French Sudan. 
H. sp. ^(J, sp., Patton, 1910 and 1921, Madras. X. sp. sp., Patton, 
1910, and 1921, Madras. 

CORDYLURIDiE: 

Dryomysa anilis =Neuroctina anilis. 

Neuroctina anilis — Dryomysa anilis : X. sp. =B, muscce domesticce, Mackinnon, 
1910, England. 

Scatophaga hottentota : X. sp. =/!. sp., Bayon, 1916, Robben Island. 
Scat^haga lutaria : X. scatophagce muscce domesticoe, Mackinnon, 1910, 
England. 

Scatophaga sp.: X. scatophagee, Dunkerly, 1913, Ireland. 

Scatophaga stercoraria : X. scatophagw =H, acatophagasy Galli- Valerio, 1913, 
Europe. 

BORBORIDiE: 

Borbus sp.: X. sp, = H, muacce domeaticcBj Patton, 1921, Madras. 

Limosina hirtula: X. sp., Chatton, 1912, France. 

II. 
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DIPTERA — Continued : 

BoRBORiDiE — continued : 

Limosina sp.; H, oalliphordd (?), Becker, 1923, North America. 

Sphaerocera subsultans: L, legerorum, Chsktton, 1912, France. =H. legerorum, 
Drbohlav, 1926. 

Drosophilid^: 

Drosophila ampelophila : H. ampelophilce, Drbohlav, 1926. —L, ampelophilce^ 
Chatton and Leger, 1911, France. 

Drosophila confusa (larva, gut and Malpighian tubes): H. sp. (1)=T. droso- 
j^ilcB, Chatton and Alilaire, 1908, France. = Bhynehoidomonas drosophila!, 
CShatton, 1913. =0. lesnei, Alexeieff , 1912. 

Drosophila confusa (larva and adult): H, drosophilas. Woodcock, 1914; Doflein, 
1916; Drbohlav, 1926. =L, drosophilce, Chatton and Alilaire, 1908, France. 

Dros^hila confusa (adult): J3. sp. (2) —L. sp., Chatton and Leger, 1912, France. 
H, sp. —L, (g), Chatton and Leger, 1912, France. 

Drosophila confusa (adult, Malpighian tubes): ff. roubaudi, Drbohlav, 1926. 
roubaudi, Chatton, 1912, Franco. 

Drosophila phalerata : H, sp., Drbohlav, 1925. — L. sp., Chatton and Leger, 
1911, France. 

Drosophila rubrostriata : B, rubrostriatas, Doflein, 1916; Drbohlav, 1926. — i/. 

rubrostriatas, Chatton and Leger, 1911, France. 

Drosophila sp. : U, drosophilce =L. drosophilas, Roubaud, 1912, French Sudan. 
L, sp. =Zr. muscas domesticce, Patton, 1921, Madras. 

Drosophila sp. adult, Malpighian tubes: B. sp. =^Cercoplasma drosophilas, 
Roubaud, 1912, French Sudan. 

Anthomyidje : 

Anthomyia maculata: L, anthomyice =B, anthomyias, Franchini, 1922, Italy. 

Fannia canicularis =(Honialomyia canicularis) : X. sp,—B, muscce domesticce, 
Patton, 1921, Madras. 

Fannia scalaris ^(Homalomyia scalaris). 

Fucellia fucorum : L, sp., Chatton, 1924, France. 

Graphomyia maculata: L. graphomyice ~B. graphomyias, Franchini, 1922, Italy. 

(Homalomyia canicularis) = Fannia canicularis. 

(Homalomyia scalaris) = Fannia scalaris (adult and larva): B, homalomytce, 
Brug, 1914, Europe. —B, muscce domesticce, L4ger, 1903. 

Homalomyia sp. (corvina ?) : B. homalomyias =Zf. muscce domesticce, Mackinnoii 
1910, England. 

OSCINIDJE ; 

Siphunculina funicola : B, siphunculince = Bhynehoidomonas siphunculince, 
Patton, 1921, Madras. B, sp. —B, siphunculince, Patton, 1921, Madras. 

Ephtdrid^: 

Notiphila (?) : L. sp., Patton, 1912, India. 

S ARCOPHAGID.® : 

Sarcophaga bullata : B. muscarum^B, muscce domesticce, Becker, 1923, North 
America. 

Sarc^haga hsemorroidalis : X. sarcophagee =27. sarcophagee, Prowazek, 1904, 

, Europe; Laveran and Franchini, 1920, Italy. 

Sarcophaga melanura : X. mirabilis, Franchini, 1922, Italy. 

Sarcraha^a nurus: X. sarcophagee muscas domesticce, Roubaud, 1909, 
Belgian Congo. 

Sarcophaga sarraceniae : B, lineata. Swingle, 1911, North America. 

Sarcophaga securifera : B, muscas domesticce, Becker, 1923, North America. 
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DIPTERA — Continued : 

SABCOPHAGiDiE — Continued : 

Sarcophaga sp.: L, sarcophagce =H, sarcophagce, Lingard and Jennings, 1906, 
and Patton, 1908, 1921, India. L, sarcophagce ^ Prowazek, 1910, Japan. 
=£f. sp, Prowazek, 1912, Sumatra. 

(Estbid^ : 

Gedoelstia paradoxa (larva): X. sp. =£f. sp., Eodhain, 1915, Belgian Congo. 

Kirkia minuta (larva): L. sp. —H, sp., Eodhain, 1915, Belgian Congo. 

Kirkia sp. (larva): X. sp. =H, sp., Eodhain, 1915, Belgian Congo. 

CEstrus aureoargentatus (larva): X. sp. =il. sp., Eodhain, 1915, Belgian Congo. 

OEstrus bertrandi (larva): X. sp. sp., Eodhain, 1915, Belgian Congo. 

Rhincestrus nivarleti (larva): X. cestrorum—H, sp., Eodhain, 1915, Belgian 
Congo. =Xr. (Bstrorum, Drbohlav, 1925. 

Muscid.® : 

Auchmeromyia luteola : //. cauleryi —Cercoplasma cauleryi, Eoubaud, 1911, 
French Sudan. 

Calliphora coloradensis : H, calliphorce. Swingle, 1911, North America. 

Calliphora er3rthrocephala : H. muscarum—H. muscce domesticce, Alexoieff, 
1911; Becker, 1 923, North America. = Ehynchoidomonas lucilice, Alexeiefi, 
1911. =//. gracilis, Alexeiefl, 1911. ==^0. calliphorce, Swellengrebel, 1911, 

Europe. =X. calliphorce, Swellengrebel, 1911, Europe. =H, calliphorce, 
Gralli- Valerio, 1914, Europe. ^H, sp., Laveran and Franchini, 1920, 
Europe. 

Calliphora vomitoria : H, calliphorce, Galli- Valerio, 1916, Europe. 

Ceroxys crassipennis : X. sp. ~ll, sp., Laveran and Franchini, 1920, France. 

Chrysomyia albiceps == (Pycnosoma putorium) : II, mirabilis, Patton, 1921, 
Madras. 

Chrysomyia macellaria : H, muscarum muscce domesticce, Becker, 1923, 
North America. 

(?) Chrysomyia marginale =(Pycnosoma marginale). 

Chrysomyia megalocephala : B, mirabilis, Patton, 1921, Madras. 

Cordylobia rodhaini — Stasisia rodhaini. 

Dasyplura praetorum : X. lesnei—H, lesnei, L6ger, 1903, Europe; Drbohlav. 
1925. —C. lesnei, Alexeieff, 1912. 

Glossina brevipalpis : H, grayi (probably crocodile trypanosome) = T, grayi, 
Bruce and collaborators, 1915, Africa. 

Glossina morsitans : X. sp., Lloyd, 1924, Nigeria. 

Glossina palpalis : H, grayi (probably crocodile trypanosome) =X. grayi, 
Novy, 1906, Africa; Minchin, 1907; Eoubaud, 1909; Kinghorn and Mont- 
gomery, 1909; Kleine, 1910; Sant’ Anna, 1913; Bruce and collaborators, 
1915; Mache, 1916, —Cystotrypanosoma grayi, Eoubaud, 1912. -C, grayi, 
Drbohlav, 1925. = T. kochi of crocodile, Koch, 1909; Kleine, 1910; Kleine 
and Taute, 1911. —T, of bird, Minchin, 1910 (see pp. 373, 582). 

Glossina tachinoides : H, grayi (possibly monitor trypanosome, T. varani), 
Lloyd and Johnson, 1924, Nigeria. 

(Lucilia argyrocephala) =Lucilia serenissima: X. sp. =//. muscce domesticie, 
Patton, 1921, Madras. //. mirabilis, Patton, 1921, Madras. 

Lucilia csesar ; II, lucilice, Galli- Valerio, 1923, Europe. =H, sp., Strickland 
and Eoy, 1925, India. 

Lucilia craggi: X. sp. =i7. muscce domesticce, Patton, 1921, Madras. H, mira- 
bilis, Patton, 1921, Madras. 

Lucilia latifrons : H, mesnili, Dodein, 1916. ~X. mesnili, Eoubaud, 1908, Belgian 
Congo. = Cercoplasma mesnili, Eoubaud, 1911. 

Lucilia pilatea : B, mesnili, Dodein, 1916. =L, mesnili, Eoubaud, 1908, Belgian 
Congo. ^Cercoplasma mesnili, Eoubaud, 1911. 
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TRYPANOSOMIDiE 


DIPTERA — Continued : 

Muscid-® — continued : 

Lucilia serenissima =(Lucilia arg^ocephala) (Malpighian tubes and gut): B, 
lucilice = Ehynchomonas lacuiw^ Patton, 1910, India. — EhynchoidomoncLS 
lucilicBy Patton, 1910. =H, muecw domeeticce, Patton, 1910. =(7. leenei^ 
Alexeiefl, 1912. 

Lucilia sericata : U, muecamm—H, muscas domesticce, Becker, 1923, North 
America. 

Lucilia sp.: L. lueilice —H. lucilice, Strickland, 1911, England. 

Lucilia so. (sericata ?) : H. intestinalia ^Cystotrypanoaoma inteatinalia^ Rou- 
baud, 1911, French Sudan. —0. leanei, Alexeiefl, 1913. — Ehynchoidomonaa 
inteatinalia, Kudicke, 1923. 

L3rperosia minuta : C. sp., Leger, 1922, West Africa. 

Lyperosia thirouxi : C. sp., Leger, 1922, West Africa. 

Musca bezzii : X. craggi =i/. craggi, Patton, 1921, Madras. 

Musca corvina: X. sp. ~ £1. muacce domeaticce, Roubaud, 1909, Belgian 
Congo. 

Musca domestica : J?. muacarum =^Bodo, Burnett, 1851 and 1852. -Bodo 
muacarum, Leidy, 1856. —Cercomonaa muacce domeaticce, Stein, 1878. 
— Monomita muacarum, Grassi, 1881. =jff. muacce domeaticce, Kent, 1881; 
Prowazek, 1904; L6ger, 1903; Lingard and Jennings, 1906, India; Wenyon, 
1911; Alexeiefl, 1911; Dunkerly, 1911; Cardamatis, 1912; Woodcock, 
1914; Glaser, 1 922, America ; Becker, 1 923, America. = 6’. muacce domeaticce, 
Rosenbusch, 1910; Werner, 1908. ==X. muacce domeaticce, Flu, 1911; 

Dunkerly, 1911. =« 0. leanei, Alexeiefl, 1912. 

Musca humilis ; X. sp. =H. muacce domeaticce, Patton, 1921, Madras. 

Musca nebulo : X. —H, muacce domeaticce, Vdkttoii, 1910, India. =Ehyncho~ 
monaa lueilice, Patton, 1910. — Ehynchoidomonaa lueilice, Patton, 1910. 

Muscina stabulans (“trypanosomes”): Franchini, 1922, Italy. //. ccilliphorce (?), 
Becker, 1923, North America. 

Phormia regina : II. muacarum —H, muacce domeaticce, Becker, 1923, North 
America. 

Pollenia rudis : X. pollenice —II. pollenice, Galli- Valerio, 1915, France. =H, 
muacce domeaticce, L6ger, 1903. 

(Pycnosoma marginale) - Chrysomyia marginale (?) : 0. sp., Fantham, 1919, 
South Africa. 

(Pycnosoma putorium) —Chrysomyia albiceps : X. pycnoaomce, Roubaud, 1909, 
French Congo. muacce domeaticce, Alexeiefl, 1911. =//. pycnoaomce, 

Drbohlav, 1925. H, mirahilia—L. mirabilia, Roubaud, 1908, French 
Congo. =Gercoplaama mirabilia, Roubaud, 1911. B. audanenaia -L. 
audanenaia, Roubaud, 1911, French Congo. X. sp. — //. muacce domeaticce, 
Roubaud, 1909, French Congo. X. sp., Roubaud, 1909, French Congo. 

Stasisia rodhaini ==(?)Cordylobia rodhaini : X. sp., Rodhain and Bequaert, 1916, 
Congo. 

Stomoxys calcitrans : X. atomoxyce, Jegen, 1924, Switzerland. =H. sp., Gray, 
1906, Uganda. 0. hcematopotce, Jegen, 1924, Switzerland. 

Stomox3rs nigra : X. sp. =B. sp., Macfie, 1913, West Africa; Sant’ Anna, 1915, 
Principe. 

Stomoxys sp.: X. sp. =B. sp., Patton, 1908, India; Wenyon, 1911, Bagdad. 

Theicomjrza fusca : X. sp. =B. muacce domeaticce, L6ger, 1903, France. 
Hippoboscid®: : 

Melophagus ovinus : T. melophagium (sheep trypanosome) =0. melophagia. 
Flu, 1908, and others (see p. 502). 

Ntcteribiid.® : 

Cyclopodia sykesi : 0. nycteribice, Chatton, 1909, India. 
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SIPHONAPTEEA: 

Ceratophyllus alladinis (larva and adult): L, gp., Patton, 1912, India. —H. 
auaainis, Drbohlav, 1926. 

Ceratophyllus columbae : L, sp., NoUer, 1913, 1914, Germany. 

Ceratophyllus fasciatus (larva and adult): L, pattoni, Chatton and Delanoe, 
1912, France; Laveran and Franohini, 1914, France. 

Ceratophyllus gallinae (larva and adult): L, sp., NoUer, 1913, 1914, Germany. 
—H, gallincB, Drbohlav, 1926. 

Ceratophyllus sciurorum : L, dehreuili dehreuili, Brumpt, 1913, France. 

Ceratophyllus sp. (lucifer ?) : L, pattoni^H. pattoni. Swingle, 1911, North 
America. 

Ctenocephalus canis : L. cienocephali =U, ctenocephali, Fantham, 1912, England; 
Shortt, 1923, India. —H. pseudoleishmania, Brumpt, 1913. =£. sp., 

NoUer, 1912, Germany. =Lei8hmania donovani, Basih, 1910; Alvarez and 
da SUva, 1911; Sangiorgi, 1910. =FlageUates, SweUengrebel and Strick- 
land, 1910; da SUva, 1913; Marzocchi, 1911; Wenyon, 1913; Shortt, 1923, 
India. G, cienocephali, Patton and Eao, 1921, Madras (see p. 348). 

Ctenocephalus felis (adult and larva, gut and Malpighian tubes): J>. sp. =J7. sp., 
Patton, 1908, 1912, India. =H, pulicis, Stephens and Christophers, 1908. 

Ctenophthalmus agyrtes : L, ctenophthalmi, Mackinnon, 1909, England. =11, 
ctenophthalmi, Drbohlav, 1926. 

Ctenophthalmus agyrtes (larva and adult): C, ctenophthalmi, Patton and Strick- 
land, 1908, England. 

(Ctenopsylla musculi) =LeptopsyUa musculi : L. ctenopsyllce =H, ctenopsyllce, 
Laveran and Franchini, 1916, France. 

H 3 rstrichopsylla talpae : 0. hystrichopsyllce, Mackinnon, 1909, England. 

Leptopsylla musculi — (Ctenopsylla musculi). 

Pulex irritans: G, porter w, Lavier, 1921. =G, puUcis, Porter, 1911, England. 
L. pulicis -//. puUcis, Patton and Eao, 1921, Madras. =H, sp., Wenyon, 
1912, England. =LeiBhmania donovani, Basili, 1911, Italy. = Flagellates, 
da Silva, 1913 (see p. 349). 

Pulex sp. (braziliense ?) : L, pattoni =H, pattoni, Swingle, 1911, North America. 

Xenopsylla cleopatrae : G. pulicis (Stephens and Christophers, 1908), Balfour, 
1909, Sudan. =11, sp., Balfour, 1906. =H, pulicis, Stephens and 

Christophers, 1 908. = G, cleopatrce, Patton and Eao, 1921. - O. xenopsyllce, 
Drbohlav, 1925. 

HYMENOPTEEA: 

ApiD.aE : 

Apis mellifera : G, sp., Fantham and Porter, 1911, England. 

Vespid.® : 

Emphjrtus cinctus (larva): L, emphyti=H, emphyti, HoUande, 1912, Europe. 

Vespa crabo : L, vespce. Porter, 1909, England. 


IXODIDAE: 


ARACHNIDA. 


Amblyomma sp.: L. sp., Tejera, 1919, Venezuela. 

Haemaph 3 rsalis Uava : G, hasmaphysalidis, Patton, 1908, India. 

Hyalomma asgyptium : G, hyalommw, O’Farrel, 1913, Sudan. =11, hyalommce, 
Doflein, 1916. = Developmental form of trypanosome (?). 

Rhipicephalus sanguineus : G, christophersi, Patton and Strickland, 1908. 

= T, christophersi, Novy, MacNeal and Torrey, 1907, India. 

Ixodes ricinus : 0., Bishop, 1911, England. =T, mehphagium (!). 
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NEMATODA. 

Nematode (marine) : Chatton, 1924, France. 

Trilobus gracilis : L, hiitschlii, Kent, 1881, Europe. 

MOLLUSCA. 

Burnupia capensis: L, sp., Fantham, 1925, South Africa. 

Pachylabra moesta : JET. pachylahrce, Mello, 1921, India. (?) X. 
Patella vulgata : L. patellw^ H. patellce. Porter, 1914, England. 
Unio caffer: L. sp. = R. sp., Fantham, 1925, South Africa. 
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Arsenic compounds, action of, 151 
Arsenic-resistant strains, 151, 460 
Artefacts, vegetable cells simulating Protozoa, 
Plate 111., p. 394 

Arthropoda, Microsporidiida of, 748 
Arvicanthus zebra : 

Babesia avicularis, 1024 
Trypanosoma avicularis, 476 
Arvicola 7iivalis, Eimeria in, 848 
Ascaris mystux, Nosema mystacis, 753 
Asellus aquaticus : 
ciliates in, 1172 
Mrazekia argoisi in, 745 
Asexual generation, 134 
Aspirigera, 1161 
Asporocystid coccidia, 782 
AsUisin, 285, Fig. 127 
Aster. 12 

Asteracanthion rubens, ciliates in, 1175 

Asierius rubens, ciliates in, 1175 

Astoma, 1161 

Astomata, 1161 

Astomatea, 1163, 1164 

Ateles: 

malarial parasite of, 973 
Giardia in, 710 
Trypanosoma lesourdi, 483 
Athene noctiia : 

llojmoproieus rioctum, 886 
Leucocytozoon ziemnnni, 903 
Plasmodium wasielewskii, 978 
spirochacte of, 1267 
tryj)anosome of, 579 
Atoxyl in trypanosome infections, 459 
Attachment organs, 37 

Auvhmeromqia lutcoln, IJerpetomonas caulleryi, 
372 

Aulastomum gulo . 

(diUomastij: in, 624, 628 
Trypanoplasma in, ()40 
Autogamy, 85, 90 

in Entamoeba coli, 2 IS 
in Giardia, 698 

in Ichthyophihii ius multifihis, 1188 
in Prowazekella facet la;, 615 
in Trypanosomidie, 340 
Axial fibre: 

function of, in flagellum, 127 
in Sjdrochceta, 1234, 1238 
Axial filament in Trypanosomidas 323 
Axial rod in axopodia, 31 
Axolotl: 

Chilomastix in, 628 
RhizomasUx in, 297 
Axoneme, 31, 127 
Axoplast, 324 
Axopodia, 31, 127, 165 
Axostyle, 42, 122, 270, 665 


Babesia, 988, 990, 992 

action of drugs on, 1038 
cultivation of, 1028 
immunity test, 145 
Babesia argentina, 1000, 1003 
immunity, 146 

Babesia avicularis, 1024, Fig. 425 
berbera, 1001, 1(X)3 

Babesia bigemina, 993, Fig. 408, Plate XVIIl., 
p. 986 

action of trypan blue, 1038 
development in tick, 996, Fig. 410 
immunity, 145, 147 
in white- tailed deer, 996 
multiplication, 994, Fig. 408 
premunitiou in, 142 
transmission, 995 

Babesia bovis, 998, Fig. 411, Plato XVIIl., 
p. 986 

immunity, 145 
multiplication, Fig. 411 
possible races of, 10(X) 

Babesia caballi, 1008, Fig. 415, Plate XVIIl., 
p. 986 

action of trypan blue, 1038 
immunity, 146 

Babesia canis, 1012, Figs. 417 418, 419, 421, 
Plato XV^ni., p. 986 
action of trypan blue, 1038 
cycle in tick, 1019, Fig. 421 
development in tick, Fig. 410 
flagellate phase, 1016 
immunity, 146 

maintenance in laboratory, 1313 
multiplication, 67, 1014, Figs. 418, 419 
transmiKSsion, 1018 
Babesia celhi, 1027 

cervi, 1027 

darnw, 1027 

dejcitmani, 1026, Fig. 427 

Babesia eqni, 1009, Fig. 416, JMate XVIIl., 
p. 986 

immunity, 146 
transmission, 10 10 
Babesia gibsoni, 1020, Fig. 422 

hi p pot rag i, 1027 

leporis, 1025 

Babesia motasi, 1005, 1006, Fig. 414 
action of trypan blue, 1038 
Babesia mutans, 1001, Fig. 413, Plato XVIIl., 
p. 986 

a species of Theilcra, 1035 
supenmiiosed infections in, 142 
Babesia ovis, 1004, Fig. 414 
Babesia quadngemina, 1024, Fig. 426 

resemblance to Dactylosoma ranarum, 1040 
Babesia rossi, 1021, Fig. 423 

sergenti, 1004, 1007, Fig. 414 

stordii, 1027, 1034 

vesperuginis, 1023, Plate XVJ., p. 974 

Vitalii, 1021, Fig. 424 

tveissi, 1025 

Babesiella, 989, 990 

berbera, 1001 

• bovis, 1001 

I ovis, 1004, 1007 

' Babesiidse, 990, 991 
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Baboon, Balantidium in, 1202 

resistance to trypanosome infections, 451 
530, 542 

Bacillus kruseif association with Cytamceba, 
1051 

Badger, trypanosome of, 483 
Badhamia, Figs. 85, 86 
BcetiSf ciliate in, 1186 
Balantidium, 1201 

amphictenides, 1211 

blattarum, 1211 

cavice, 1210 

Balantidium coli, 1201, Figs. 512, 614, 616 
action of drugs, 1208 
cultivation, 1207, 1299 
cyst. Fig, 513 
distribution, 1202 
food reserves in, 129 
invasion of tissues, Fig. 514 
morphology, 1202 
pathogenicity, 1205 
susceptibility <)f animals, 1207 
Balantidium coli giganteum, 1198 

duodeni, 1210 

eniozooji. Fig. 14 

giganteum, 1210 

— — gracilis^ 1210 

granulosum, 1211 

gyrans, 1211 

haughwouii, 1211 

hdenw, 1210 

hyalinum, 1210 

— — hydra', 1211 

knowlesi, 1211 

littoritKje, 1211 

medusarum, 1211 

minutum, 1208, Fig. 61o 

orcheMiurn, 1211 

ovale, 1210 

ovatmn, 1211 

piscicola, 1211 

— ~ rotundum, 1210 

suis, 1210, Fig. 516 

testudims, 1211 

viride, 1210 

Baleri, 541 

Balfour’s bodies. Treponema anserinum, 1065, 
1262, Fig. 648 
Bananella, 862 

Bandicoot, Trypanosoma bandicolti, 478 
Barbel, Myxobolus pfeifferi, 728, Fig. 305 
Barbus fluviatilis, Myxobolus pfeifferi, 728, 
Fig. 305 
Barrouxia, 862 

caudaia, 862, Fig. 372 

ornata, 862, 864 

schneideri, 862, Figs. 370, 371 

spiralis, 862 

Barrouxiina?, 797, 862 

Bartonella bacilliformis, 1069, Fig. 440 

muris, 1060 

Basal fibre in Trichomonas, 42 
Bat: 

Achromaticus vesperuginis, 1022 
Babesia in, 1023 
Eimeria in, 848 
Orahamella, 1059 


Bat — continued : 

Jsospora in, 824 
malarial parasites of, 973 
Plasmodium achromaiicum, 1023 
Plasmodium murinus, Plate XVI., p. 974 
Plasmodium vesperuginis, Plate XVI., 
p. 974 

spirocha'te of, 1260 
trypanosomes of, 479 

“Bayer, 205,’* in trypanosome infections, 151, 
461 

Bear, Babesia in, 1028 
Bee: 

Entamoeba of, 235 
Nosema apis, 741 
Belostoma : 

Embadomonas in, 620 
Entamoeba of, 234 
Benedenia eberthi, 869 

octopiana, 869 

Bertramia, 7Ti 
Besnoitia, 770 
Binary fission, 7, 62 
in cyst, 65 

Binuclearity, 50, 61 , 873 
BinucJeata, 331 , 887 
Birds: 

anitt'bai of, 231 
Chilomastix of, 628 
Eimeria in, 856 
Eutrichomastix, 674 
Giardia in, 706, 710 
Hiemamoeba tenuis m, 951 
ha?mogrcgarine8 of, 1042, 1110 
Hcemoproteus of, 888 
Hejmtozoon in, 1042, 1086, 1095, 1110 
IJexamita in, 689 
Isospora lacazei, 825, P'ig. *351 
Jarrina paludosa, 858 
malarial parasites of, 977 
pigment-free parasite in red blood-cor- 
puscles, 1065 
Protrichomonas in, 679 
Sarcocystis in, 769 
spirocha'tes of, 1261 
Toxoplasma in, 1042, 1047 
Trichomoiias of, 669 
j trypanosomes of, 577 

I Bitis arietans, trypanosome of, 585 
■ Black spores of malarial parasites, 923, Fig. 399 
: Blackhead, 291, Figs. 137, 138 
Blackwater fever: 

I leptospira in, 1285 

malarial parasites in, 953 
Blaps, Stylorhynchus longicollis in. Fig. 482 

nruigica, Ophryocystis schneideri in, Fig. 

466 

Blaps mortisaga, Adelina zonula, 1072 
Blastocysiis : 

cysts of Trichomonas, 661 
resemblance to cysts of Prowazekella 
lacertoe, 612, 616 

Blastocysiis hominis, 263, Fig. 118 
Blatta : 

Balantidium in, 1211 
gregarine in, 1147 
Nyetotherus in, 1200 
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BUnnius, Hcemogregarina higemina, 1106 
BlepJuirocodon^ 1175, 1193 

appendiculatus, Fig. 505 

Blepharoconus, 1191 

hemiciliatih% 1191, Fig. 504 

BlepJiarocorys, 1193 
— ~ uncimta. Fig. 505 
Blepharoplast, 31, 115 
as centrosome, 117 
behaviour in Trypanosomida', 330 
connection with karyosome, 120 
fibres arising from, 122 
in (liliophora, 120 
in Giardia, 693 
in Uexamita, 687 
in Hypcrmastigina, 120 
in Opnlina^ 1154 
motor activities of, 128 
origin from nucleus. 51 
origin of. in l)imaf<tigamopha grnheri^ 263 
relation to centrosome, 1 1 9 
Blepharoproslhium, 1193 

pireum^ Fig. 505 

Bltpharospluera, 1175, 1193 

luteslinaliii. Fig. 505 

Blepha rozov w? , 1189 

zonal Huu 1189, Fig. 504 

Blood- 

bottle for abstraction of, Pig. 563 
contamination of films. 1319 
invasion by intestinal Mastigophora, 
271 

method of obtaining from vein. Fig. 564 
preparation of films of, 1317 
Blood-agar 

semi-solid media, 1299 
solid media, 1300 
Blood -broth medium, 1305 
Blood filaments, 1277, Fig. 557 
Blood parasites, list of vertebrate hosts, 1353 
Bodo, 607 

eoprozoic, 271 
in blood. 271 
ill human mouth, 656 
Bodo (tsinticua^ 608 

candaluft, 608, Figs, 33, 249 

- (da r, 6 10. Fig. 250 
“ gracilis', 302 

Ii(dici.s', 637 

- -- ntu>sC(B douK sliccB, 364 

mintcarum, 364 

nr cat or, 305 

phlebotoini, 430 

mltans. Fig. 21 

stercoral it, 607, 608 

urimiriiut, (>08 ^ 

Bodonida;, 268, 287, 607 
Body cavity, leptomonas in, 370 
Botnbinator igneus, resistant to Trypanosoma 
rotatorium, 592 

Bombyx mori, Nosema hombycis, 740 
Boodon lineatm. Cingula boodontis, 1004 
Boophilus, see Margaropus 
Boa indicuSy Theileria parva in, 1029 
Bosch yaws, 424 
Boaelaphua, Babesia in, 1027 
Bougainvillea, Balantidium in, 1211 

II. 


Bouin’s fixative, 1321 
Box boops : 

Protrichomonas in, 679 
Protoopalina in, 1169 
' Trypanoplasma in, 640 

I Box salpa : 

\ Chilomastix hocis, 628 

Trepomonas in, 713 
Bozasella, 1216 

’ Bozasella rhinocerotis, 1216, Fig. 523 
Brachyurus calvus : 

malarial parasites of, 969 
Trypanosoma prowazelci, 483 
Brada, Balantidinm in, 1211 
Bradypns tridaclylus, Babesia in, 1026 
Bronchial spirochaetosis, 1273 
Brownian movements, 4 
Buba, 424 

Buhalus cokei, Babesia in, 1027 
, Budding, 7, 69 
Buffalo • 

Babesia in, 1003 
malarial parasite in, 975 
Spirochceta bovis caff i is, 1258 
' Treponema in, 1258 

Trypanosoma evansi, 510 
Bufo regularis : 

, trypanosome of, in tsetse flies. 583, 599 
! trypanosomes of, 374, 590 

Bug- 

develojanent of Jlcemoprotcu sin, 897 
development of Leishmania donaimii in, 
418 

development of Leishmania tarentoloe in, 
439 

uevelopment of Leishmania tropica in, 

, 434 

development of Leptomonas ctenoccphali 
in, 355 

development of Trypanosoma ernzi in, 
494 

development of Trypanosoma Invisi in, 
475 

development of Trypanosoma pipistrelli 
in, 481 

infection with insect fiagellates, 396 
Leptospira icterohcemorrhagice in, 1281 
Microsporidiidain. 752 
plant spirochaetes in, 1276 
relapsing fever. 1251 
relation to kala azar, 418 
, Rickettsia in, 1062, Fig. 442 

I B u rsaria cord iform is, 1199 

i entozoon, 1201 

' Bush buck: 

} blood spirochaete of, 1259 

. Trypanosoma tragelaphi, 507 

I trypanosomes of. 510 

I Butschlia, 1175, 1188 

' parva, 1189, Fig. 504 

postciliata, 1191 

' Bntschliella opheUce, 1167, Fig. 492 
I Butschliellinie, 1167 

I Galliraastigidse. 311 
I OaUimastix cyelopis, 311 
I _ — frontalis, 311, Fig. 149 


97 
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CallipJiora : 

Herpetomonas muacarum in, 366 
Rhynchoidomoncui in, 374 
CaUyonymns lyra^ Hmmogregarina quadri- 
gernina, 1106 

Galonympha grdttsiu Fig. 301 
Calonymphida*, 268, 281, 714 
Galotermes ffavicollis : 

Janickiella grassii^ 675 
Trimitm in, 633 

Galotermes militarise Nyctotherus termitis in, 
1200 
Camel • 

liahesiam^ 1011 
blood spirocha'tc of, 1259 
Sarcocystisiiie 769 
Trypanosoma hruccie 542 
Trypanosoma cellii, 556 
Trypanosoma evansu 566 
Trypanosoma somaliense^ 556 
Canine kala azar, 41 1 
Gams adust uSe Bahesia in^ 1021 

aureus, liahesia in, 1020 

Capibara 

ciliatcs in, 1194 
Gycloposthium \XL, 1217 
Trypanosoma eqninum, 573 
Carbon dioxide in metabolism, 123 
Carceag, 1004 

Garchesium polypinum. Fig. 52.1 
Carcinoma, spirocha'tes in,’ 1271 
Gardium edule, Porospora in, 1135 
Garinaria mediterranean Cryptohia in, 640 
Carnivora, trypanosomes of, 483 
Garnus hemapterus, relation to H mmoproteus, 
897 

Garyolysus, 1095 

Garyospora simplex, 865, Fig. 373 
Carj^osporinae, 797, 866 
Garyotropha mesnili, 68, 867, Fig. 375 
Caryotrophida, 798, 867 
GasteUauella brucei, 539 

castellanii, 524 

equiperdum, 574 

evansin 566 

gamhiense, 524 

rhodeMense, 539 

Cat: 

amoobic dysentery, 227 
blood spirillum in, 1288 
Eimeria felina, 846 
Qiardia calin 709 
IJepatozoon felis in, 1085, 1111 
Isospora in, 808 
Leishmania donovani, 411 
Sarcocystis in, 768 
Spirochceta regaudi in, 1236 
Trichomonas of, 669 
Trypanosoma cruzi, 487 
Cat-bite fever, 1 288 
Cattle, see also Ox 
amoebae in, 231 
Anaplasmain, 1053 
Babesia of, 992 
Eimeria in, 842 
Oiardia in, 710 
malarial parasite in, 975 


I Cattle — continued: 

I sarcosporidia in, 768 

I supposed haemogregarines in, 1113 

; Theileriain, 1029 

I Trichomonas in, 668 

trypanosomes, 498 

! Gaudamoeba sinensis, 184, 808, Fig. 97 
I Caulleryella, 1127, 1131 

I pipientis, 1131, Fig. 470 

! Gausus rhornheatus, Gingula in, 1064 
‘ Gebus caraya, Embadornonas in, 620 
; Cell: 

I diagram of. Fig. 1 

I structure of, 5, 8 

I theory, 5 

' Gellia allopha, Caulleryella maligna in, 1131 
I Centipede: 

coccidia in, 783, 862, 1070, Fig. 370 
I gregarine in. Fig. 481 

I Centriole,12,56,90,117 
! in Entamoeha histolytica, 197 

I Centrodesmose, 57 
j Centrosome, 12 

motor activities of, 128 
relation to blepharoplast, 119 
GepedeOn 1 153 

j lanceolatUn 1159 

; CepedeUa hepaiicOn 1 1 70, Fig. 494 
' Cepedellida, 1170 
Cephalinidea, 1138 
Gephalophus grim mi : 

Babesiain, 1027 
Plasmodium cephalophi in, 975 
Trypanosoma cephalophi, 507 
j Gerastes cornutus, schizonts of hamogregarine 
in, 1110 

Ceratium hirundinella, Fig. 125 
Ceratomyxa, 725 

appendiculata. Fig. 304 

drepanopsettce, 731. Fig. 310 

i recurvata. Fig. 307 

; sphoirulosa. Fig. 307 

' spinosa. Fig. 307 

I truncata. Fig. 307 

' Ceratomyxidap, 724 

Geratophyllus columbm, Legerella qutrva in, 1068 

farreni, Steinina rotundata in, 1151 

Geratophyllus fascia tus, Fig. 198 
Agrippina bona in, 1151 
Legerella grassvi in, 1069 
Hepatozoon pitymysi, 1112 
Trypanosoma lewisi, 469 
T'rypanosoma rabinowitschi, 478 
Geratophyllus fringillce, Acanthocephalus parvus 
in, 1150 

Geratophyllus gallince : 

Acanthocephalus parvus in, 1150 
Legerella 'jmrva in, 1068 
Steinina rotundata in, 1151 
I Geratophyllus hirundinis : 

Hcemoproteus in, 897 
Trypanosoma duttoni, 475 
T'rypanosoma lewisi, 474 
Geratophyllus laverani, Trypanosoma blam 
chardi, 476 

Geratophyllus lucifer. Trypanosoma lewisi, 469 
Styx, Steinina rotundata in, 1151 
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Geraio'pogon : 

Hdicoaporidium parasiticmn^ 775 
Spirillonema ctctosporUf 747 
Toxonema vibrio, 747 
Ceratopogon solaiitialis, Schizocyatia gr&jari- 
noidea in, 1128 
Cercaria termx, 656 

Gerchneia tinnuncidus, lloamoproteus of, 891, 
896, Fig. 381 
Gercoboda, 298 

Gercocebus, malarial parasites of, 968, 969 
Corcomonadidae, 268, 287, 629 
Cercomonaa, 629 
ooprozoic, 271 
Cercomonaa daminei, 621 

hommia, 621, 648 

“ — intestinalis, 691, 701 

Cercomonaa longicanda, 630, Figs. 7, 259 
blepharopiast, 117 
syngamy, 73, 83, Fig. 41 
Cercomonaa muacoe domeaticce, 364 

obliqua, 621, 648 

ter mo, 289 

Gercopithecua : 

Giardia in, 710 
malarial parasites of, 968 
spirocha‘tes of, 1 260 
trypanosomes in, 484 
Gercoplaama, 370 
droaophilce, ^12 

Germcapra arundinum, Tn/panoaoma ingena, 
507 

Gernulna muntjac, Babesia in ^ 1028 
Cervus dama, Babesia damce, 1027 
Ceionia : 

Pohjmaatix in, 680 
Retortamonaa in, 678 
Chagas’ disease, 488 
Chugaadla, 106(), 1074 

alfjdi, 1074 

Jiartmanm, 1074, lig. 448 

Chagasellina*, 1066, 1074 
Chamspleon’ 

Daclylosoma amanice, 1041 
Isoapora mesnili^ 826 
Leish mania chanueleonia in, 439 
trypanosome of, 583 

Ohanthornus jamaicai^ Hcemoproteva of, 896 
Charcot-Leyden crystals, 192, 197 
Gharieaterua cuapidatua, vector of Phytomonas, 
383, 388 

Charon ventncnli, 1193 
Cheiroptera, see Bat 
Chelidon nrbica, H (cmoprotena of, 896 
Ghelodina lonqicollia : 

Ilmmoproteus in, 899, 901 
trypanosome of, 588 

Ghelodina ohloiajala, Hcemoproteus in, 899, 901 
Chilodon. 1163, 1175 

cucullulna, 1176, Fig. 496 

dentatus, 1177 

Ghilodon uncinatus, 1177, Fig. 497 
reducing division, 115 
Chilomastigidw, 268, 287, 620 
Chilonmstix, 33, 621, Fig. 69 
cysts, 47 

parabasals in, 120 


I Ohilomastix aulaatomi, 624, 628, Fig. 257 

! bettencourti, 627 

hocis, 628 

caprcB, 628 

cauUeryi, 628 

cuniculi, 628 

cuniculi var. rosaica, 628 

davainei, 621 

Ghilomaatix gallinarum, 628, Fig. 265 
cultivation of, 1297 
Ghilomaatix inteatinalia, 628 
Ghilomaatix meanili, 621, 715, Figs. 69, 256, 303 
cultivation, 627, 1297 
cysts, 624, Fig. 258 

cysts stained with iodine, Plate II., p* 250 
pathogenicity, 626 

relation to Enterornonas hominis, 307, 627 
structure, 120, Fig. 69 
Chilormtatix motellcB, 628 

rnuria, 627 

rosenbuachi, 628 

Ghilomitua cavice. 310, Fig. 147 
Ghilomonas paramecinm. Fig. 124 
Chimpanzee . 

amoebic dysentery, 226 
Balantidium coli, 1202 
inoculation with Plasmodium vivax, 954, 
969 

malarial parasites of, 970, Plate XV., 
p. 970 

Trixjlodytella in, 1220 
Trypanoaoma gambiense, 510 
trypanosome in, 484 
Ghironomus plumoaua : 
ciliatesin, 1186 
Mrazekia brevicauda, 745 
Ghlamydomonaa, 278, Fig. 130 
Ghlamydophrys atercorea, 160, 169, 259, Fig. 82 
Chloromyxida', 725 
Ghloromyxum, 726 
- - caiidatum. Fig. 307 

leydiffi. Figs. 304, 307 

Chlorophyll, 30, 123 
Choanotlagellata, 37, 269 
Ghoanophrya, internal budding, 70 
Cholmpua didactylua : 

Endotrypanum schaudinni, 485 
trypanosomes of, 483 
Chromatin, 9 

generative and vegetative, 51 
Chromatoid bodies, 29 
in Entamaiba coli, 217 
in Entamoeba histolytica, 199, 200 
in lodamasha aui'i, 247 
Chroinatophore, 30, 123 
Chromatophyll, 30 
Chromidia, 10 

formation of nuclei, 71, 785, 1143 
Chromidial body, 11, 126, Fig. 2 
Chromomeres, 15 
Chromophyll, 123 
Chromosome, 9, 12 

behaviour in syngamy, 108 
combinations in syngamy, 133 
conjugation of, 16 
continuity of, 14 
diploid and haploid, 15 
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Chromosome — continued : 
hereditary characters, 133 
homologous, 14 
reduction of, 95, 108 
variation in Chilodon^ 1177 
Ghromulina fiaiHCam., l<’ig. 123 

pascheri, Fig. 123 

Ghrysamoeba radians. Fig. 123 
Ghrysernys picta, Ilcemoproteus in, 809 
Chrysomoriadida, 208, 276, Fig. 123 
Ghrysomonadina, 276 
Ghrysomyia, Herpetomonns mirahilis, 372 
Ghrysothrix sciureus. Trypanosoma cruzi in, 
485, 497 
Cilia, 31, 34 

adoral zone of, 29, 34, 1161 
movement of, 127 
Ciliata, 159, 1160 

conjugation, 77, 84. 1174 
Ciliophora, 156, 159. 1153 
main subdivisions of, 159 
Gimmnomonas muris, 662 
Cimcx, see Bug 

Cinchona alkaloids, action on malarial para- 
sites, 983 

Gingula hoodontis, 1064 

Ginixys helliann, Iloenioprotens in, 899, 900 

Cirrus, 34, 1221 

Gistudo europea, Hmmogreqarina stepanoivi, 
1081 

Gitellus richardsoni. Trypanosoma dtelli, 476 
Civet. 

Babesia in, 1026 
Isospora viverrm, 814 
Glarias angolensis, spirochete of, 1267 
Glausia elonqata, ciliates in, 1172 
Glernmys africana, Hmnioprote us in, 899, 901 
Glepsidrinn munieri, myonemes. Fig. 28 

ovata, ducts of gametocyst, Fig. 480 

Glepsina binoculata, ciliate of, 1167 
Gnemidophorus lemniscatus : 
leptomonas in, 434, 442 
phytomonas of plant in, 388 
Cnidosporidia, 157, 159, 716 
Gohus defassa, Babesia in, 1027 

vardoni, trypanosome in, 507 

Coccidiida, 779, 783, 793, 795, 796 
Coccidiomorpha, 779, 781, 782 
relation to (Tregarinina, 1151 
subdivisions of, 779, 793, 795 
Goccidium, 829 
Goccidium bigeminum, 809 

bigeminum canivecohs, 818 

bigeminum var. hominis, 819 

falciforme, 848 

faurei, 843 

guhleri, 839 

jalinum, 844 

oviforme, 831 

perforans, 831 

pfeifferi, 857 

rivolta, 809, 856 

roscoviense, 858 

seeberia, 777 

tenellum, 856 

truncatum, 856, 858 

Cocconema, 739, 744, Fig. 318 


Cocconemide, 739 
Gochliatoxum, 1219, Fig. 525 
Gochliopodium , 171, Fig. 84 
Gochlosoma, 681, Fig. 284 
Cockchafer; 

Polyrnastix in, 680 
Retortamonas melolontlice, 678 
Cockroach : 

Balantidium in, 1211 
Goelosporidium in, 774 
Kndamceba blattce, 235 
Mntamaiba of, 235 
gregarinc in, 1 147, Figs. 478, 485 
Hexamita in, 689 
Lophomonas hlattarum , 682 
Nyctotherus in, 1200 
Retortamonas in, 678 
spirochetes in, 1276 
Godonmiga allioides. Fig. 17 

botrytis. Fig. 1 8 

G(xilosporidinm , 774 
i Goleps, 1163, 1175 
, Collar, 36, 269 
Oo?/;n(>rta, 1196. Fig. 507 
ColUnia, 81, 1163, 1172, Figs. 494, 496 
! OoIliniidiE, 1172 
I Colpidium, 1175 
! Golpoda, 1163, 1175, 1178 
i cysts, 47 

I macronucleus, 61 

Golpoda cucullus, 1179, Fig. 498 
- - maupasi, 1180 

Golpoda steini, 1179, Fig. 498 

division in cyst, Figs. 38, 499 
i Columba livia, JJcemoproteus columber, 888 
. Golumbigallina ialpacota, Htrmoproteus 
896' 

Commensalism, 134 
' Complement fixation, 147, 1269 
! Comjer niger, Trypanoplasmn in, 640 
, Conjugant, 77 
Conjugation, 71, 75, 89 
' CoUinia branchial urn, 1174, Fig. 495 

' Cyclnposthium bipalmatum, 81, Fig. 46 

i of chromosomes, 16 

j Paramecium caudatum, 79 

Parameciuin putrinum, 77, Fig. 43 

I Vorticella neJmlifcra, 79, Fig. 44 
Conorhinus rubrofasciatus : 

relation to kala azar, 420 
Contact carriers, 189, 191 
Contamination of films, 272, 274, 1319 
Continuity of chromosomes, 14 
Contractile thread, 39 
vacuole, 27, 126 
Convalescent carriers, 189, 191 
I Copepoda, ciliates in, 1172, 1183 
Gopromastix, 309, Fig. 148 
j Gopromonas, 277 

I major, 271, 283 

ruminantium, 73, 283 

Gopromonas subtilis, 282, Fig. 133 
maturation process, 116 
syngamy, 73, 82, Fig. 48 
I Coprozoio amoebe, 257 
I Coprozoio ciliates, 1163, 1178 
' Coprozoio Mastigophora, 270 
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Coprozoic Protozoa: 

cultivation of, 1309 
Copaicus saularis, Hcetnoproteus of, 896 
Copulation, 71, 89 
Coi’puHCjJes gemin^s, 809 
Corycella armata^ Fig. 20 
Costia iiecMtnx, 305, Fig. 145 
Cothurinia^ Fig. 23 

Cottus, Hcumohonnidium cottif 1065, 1107 
Councihnania decuynani^ 221, 229 j 

Councihmima lafleuri, 211, 219, Fig. 102 

muriSf 221, 229 

Crab: 

Acjgregata in, 871 
Pnrospora in, 1135 
Cmigia, 291, 294, Fig. 139 
Craspcdoinonadca, 268, 286, 288 
Crescent 

of Plasmodimn falciparum , 939 
of Plasmodium reicheuowi, 970 
Cricetulus griseus : 

natural infection with Leishmania dono- 
vani (Young and Hertig, 1926 — ^see 
references) 

trihrUi susceptible to Leishmania donovani 

(Young and Pao-Yung Liu, 1926 — see 
references) 

Cricetus frumentarins : 

Hepafozoon cricefi in, 1093 
Trypanosoma rahinowifschi^ 476 
Cricket, Ueiortamonas gryllotalpa., 678 
Crista, in Crislispira^ 12;W, 1239 
Cristispira, 1238, Fig. 537 

Ijalhianiif 1234, 1238, Fig. 540 

— polydonv, 1240 

tapetos, 1240 

Crislispirella, 1236 

raiHa\ 1240 

Crithidm, 318, 355 

in body cavity of insects, 370 
in salivary glands, 370 
Crithidia conorhime, 497 

Crithidia ctenocephali, development in bed bug, 
419 

Crithidia eiiryophthalmi, 361, Fig. 168 
fibrils in, 324 

internal budding, 339, 363, Figs. 162, 168 
multiple division, 338, 363, Figs, 161, 168 
Crithidia fasciculata, 355 

inoculation of vertebrates, 392 
Crithidia gerridis, 357, Fig. 166 

inoculation of vertebrates, 395 
Crithidia grayi, 373 
Crithidia hyalomma^ 358, Fig. 167 

relation to Trypanosoma theileri, 501 
Crithidia leptocoridis, fibrils in, 122, 324, Fig. 
154 

Crithidia melophagi, 502 
Crithidia melophagia, 502 

inoculation of vertebrates, 392 
Crithidia puliciSf 349, 358 

subulaUit 454 

relation to Trypanosoma theilerif 601 
Crithidia tabaniy 368 
vacuolatay 498 

Crithidiomorphic stages of Trypanosoma lewisi, 
471 


Crocidura russulusy Trypanosoma crocidurm, 
479 

Crocidura stampfiiiy spirochacte of, 1260 
Crocodile : 

Eimeria in, 860 
Trichomonas of, 669 
trypanosomes of, 374, 581 
Crocoditus catepractus^ trypanosome of, 683 

niloticusy trypanosome of, 583 

Crycctomys gambianuSy blood spirillum in, 1287 
Cryptobiay 636 

carinaria’y 640 

- — congeriy Fig. 263 

dahliiy Fig. 263 

Cryptobia helicisy 637, 638, Fig. 202 
I agglomeration, 317, Fig. 152 
Cryptobia intestinalisy Fig. 263 
' — trematomiy 641 
Cryptobiidac, 268, 287, 636 
CryptococcuSy confusion with leishmania, 395, 
429 

Cryptococcus farcinimosus, 437, 1050, Plate III., 
p. 394 

Cryptococcus murisy Fig. 185 
Crypt oicus heheisy 637 
' Cryptornonadida, 268, 276 
Cryptomonadina, 276 
Cryptomonas ovatUy Fig. 124 
Cryptoprocta feroxy Toxoplasma in, 1043, 1047 
Cryptosporidiida>, 797, 801 
Cryptosporidium crotaliy 803 
[ Cryptosporidium muriSy 801 
' possible relation to PrieumvcysHSy 1080 
I Cryptosporidium parvuniy 803, Fig. 340 
, Crystallosporoy 829, 861 
Crystals in metabolism, 126 
Ctenocephalus canis: 

Gregarina ctenocephalus canisy 1149 
Leptomonas ctenocephali in, 348, Fig. 486 
Nosema ctenocephaliy 752 
Nosema pul ids, 752 
relation to kala azar, 420 
J^ieinina rotundata in, 1149 
Trypariosoma leirisi, 473 
Trypanosoma rabinowitschi, 478 
Ctenocephalus Jet is, sjiirochsctc in, 1276 
CtenodactyJus gundi : 

Babesia quadrigeminay 1024 
ciliatesof, 1195, 1196 
spirochade of, 1260 

Ctenopsylla musculiy Trypanosoma letvisi, 474 
Culex : 

bird malaria, 979 
crithidia in salivary glands, 370 
' JStempellia magna, 743 
T'helohania magna, 750 
I Thelohan la m inu ta, 750 

Thelohanin opacita, 749 
i Thelohania rotunda, 750 

j transmission of 'Trypanosoma gambiense 

I and 7\ 518 

j Culex fatigans. Figs. 396, 397 
i Culex pipiens : 

I bird malaria, 979 

bird trypanosomes, 579, 580 
Caulleryella. piipi^^dis in, 1131 
j Hmmoproteus noettuv in, 886, 893 
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Gulex pipiens — continued : 

Leucocytozoon ziemanni in, 904, 1276 
relation to kala azar, 422 
spirochsete in, 1276 
Culicoides : 

Balantidium in, 1211 
relation to kala azar, 423 
Cultivation : 

Anaplasmaf 1056 
BabemUf 1028 
Chilomastix mesnilif 627 
Embadomonas intestinalis, 619 
intestinal Protozoa, 1296 
Leptospiray 1280 
malarial parasites, 967 
Spirillum minus y 1288 
Rickettsiay 1062 
Trepoyiema recurrentisy 1256 
Tricercomouas intestinahsy 636 
Trichomonas horniniSy 652 
Trypayioplasma variurn^ 643 
Trypayiosoma cruziy 493 
Trypanosonm (jamhiensey 530 
Trypanosoyna inopinatumy 598 
Trypanosoma Ivu isiy 468 
Try panosoyna melophaqiumy 505 
Trijpaywsoyna rotatmiiimy 594 
Trypanosoyym theileriy 500 
trypanosomes, 454 
trypanosomes of birds, 581 
trypanosomes of fish, 606 
Culture methods 
Protozoa, 1295 
spirochaitcs, 1331 
Gunhaia curvatOy 1212, Pig. 518 
Cutaneous amadiiasis, 193 
Cyanophycefe, 1233 
Cyath^iyiium , 1193, Fig, 506 
Cyathomasiix hmyiirnsy 621 
Cyclidiumy 34, 1163, 1183, Fig. 500 
Gycloposthiuw y 81, 1217, Figs. 46, 524 
GyclopSy Astasia mdbilis in, 285 
Cyclopterus lumpuSy Cryptohia in, 641 
Cyclospora hahaultiy 806 

caryolytica, 115, 804, Fig. 341 

tropidonotiy b06 

viper aiy 806 

Cyclosporina*, 797, 804 
Gynocephafusy malarial parasites of, 968 
Cyan dukhunensiSy Babesia in, 1021 
Cyprinus carpio, Hcemogre^ariyia carpionis, 
Cystohagellata, 268, 279, 281, 684 
(fystomonasy 607 
Cystotrypanosemay 372 
Cj’sts, 46 

Gytamosbay 1050, Fig. 436 
Cytomeres, 68 
Cytopharynx, 28 
Cytoplasm, 26 

Biitschli’s view of structure, 26 
currents in, 127 
inclusions, 29 
movement of, 127 
Cytopyge, 28, 124 
Gytospermium hepatis cayiis familiar is y 807, 846 

hominiSy 807, 819 

rancBy 807 


I Gystopermium villorum intestinalium caniSy 
807, 809 

! Gytospermium viridcy 807 

znrniiy 807, 842 

Gytosporon malarice avium y 977 
Cytosteme, 28 


. Dactylosoma ranarmyiy 1039, Fig. 431 

i splendensy 1039 

I Damoma reevesiiy trypanosome of, 581 
I JJasypusy reservoir of Trypanosoma cruziy 497 
! iJasytrichtty 1 1 75, 1191 , Fig. 504 
Bebab, 571 
Beer. 

Babesia y 1027 
Babesia biqemiyiay 996 
I trypanosome in, 507 

I Dendrocmluyn lacteuyyiy Trypanoplasyna in, 640 
, Dendrosomides paguriy Fig. 531 
Bengiie, 1284 

J)entex arqyrozoyuiy Leishmania in, 442 
Dermacentor : 

transmission of Babesia caballiy 1008 
transmission of Babesia hudsornus hoviSy 
1003 

transmission of Kocky Mountain fever, 
1060 

Derynaccyitroxenus rickettsiy 1062 
Deryyianyssus : 

llceynoproleus columhoe in, 897 
Hepatozoon haljouriy 1093 
Deryyianyssus avium : 

Treponema anserinum, 1264 
Deutomente, 1138. 1139 
Devescoi'inOy 677 

striata y Fig. 32 

Deviation of complement. I4f) 

DicercmnoyiaSy 691 

munsy 686 

sudayiensisy 633 

; Bicnidea, 739 

Didtsmisy 1191 

oialisy Fig. 505 

Didiniuiyiy 1163, 1175 
endomixis, 56 

Didinium nasutum, reducing division, 114 
Diemeyiia textilisy trypanosome of, 585 
I Diemyctylus viridescensy trypanosome of, 599 
I Dientamoebay 160, 248 
I Dientamoeba JragiliSy 249, Figs. 116, 117 
1108 I cultivation, 250 

I cysts, 260 

! Sphierita in, 662 

Difdyyius tunensisy 621 
I Difjlugia constrictOy Fig. 8 

coronay races, 25 

I Digestion, 124 
; DileptuSy 45 

1 Dimastiyamoebay 160, 161, 259, 302 
! JHmastigayyioeba giuberiy 174, 177, 262 
centriole, 58 
cysts, 47, 265, Fig. 121 
flagellate phase. Fig. 120 
nuclear division, 103, Fig. 61 
origin of blepharoplast, 63 
I Bimastigamcebidai, 160, 174, 260 
I Dimorpha 298 
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Dimorphism, 24 
Dimorphvsy 691 
muriSj 706 

Dinemjmpha qracilis, 682, Fig. 285 
Dinenymphidse, 268, 682 
Dinollagellata, 268, 276 
Diphasic cycle, 380 
Diplocercoynonas sudanensisy 616, 633 
IHplocystis, 1143 

DiplocyHis achneideri, reducing division, 108, 
Fig. 65 

Diplodivium^ 45, 277, 1213 
Diplodinitmi ecaudatiim, 120, 1213, Fig. 520 
JJiploglossua fasciatm, malarial parasite in, 983 
Diploid chromosomes, 15 
Diplomastix caudata, 608 

dahlii, 640 

Diplomonadida, 268, 281, 684 
Diploapora, 807 
Diplos'pora hiqevnina^ 814 

lacazei, 824 

Diplozoa, 684 

Diplozoic Mastigophora, 281, 684 
Di'icophrya elonyaliim. Fig. 15 

plananamm , Fig. 493 

Discophryidje, 1170 
Disporea, 722 

Disporocystid coccidia, 782 
Dissection of insects, 1327 
Distomatina, 279 

Dhtoxum funinucteum^ 1220, Fig. 525 
Ditnchomastix^ 689 
Ditnchomouas termilia, 670, Fig. 276 
Dizoie sporocyst, 782 
Dohellia binucleata, 1067 
Dobelliidje, 1066, 1067 

Dodvcaceria concharum, Selenidium cchuiatum 
in, 1138 
Dog . 

amcnbic dysentery, 227 
Anaplasma, 1056 
Babesia, 1011 
Babesia can is, 1012 
Babesia qibsoni, 1020 
Babesia ritalii, 1021 
blood spirillum in, 1287 
blood spirocha'te of, 1260 
Kimena cams, 846 
Giardia canis, 709 
He patazoon earns, 1091 
Isospora in, 808 
Leishmania dotiovani, 411 
Leishrnania tropica^ 430 
Leishrnania tropica var. canina, 430 
Leptospira icterohmrnorrhagicB, 1279 
malarial parasite of, 976 
Pneumocystis cor inii in, 1080, Fig. 450 
Sarcocystis in, 768 
Spirochmta reyaudiin, 1236 
Toxoplasma in, 1042, 1047 
Trichomonas of, 669 
Trypanosoma brucei, 541 
Trypanosoma congolense, 554 
Trypanosoma evansi, 566 
Trypanosoma gamhiense, 538 
Trypanosoma montgomeryi, 556 
Doliocystida?, 1139 


Domestic animals, trypanosome infections in 
Africa, 508 
Donkey : 

Anaplasma in, 1056 
Babesia in, 1011 
blood spirochsetes of, 1258 
Trypanosoma brucei, 541, 542 
Trypanosoma congolense, 554 
Trypanosoma equiperdmn, 574 
Trypanosoma evansi, 566 
Dormouse : 

Grahamella, 1058, Fig. 439 
Leishmania myoxi,4c42 
Trypanosoma blanchardi, 476 
Dourine, 574 

Drepanidium princeps, 878 
ranarum, 878, 1039 

Drepanopsetla platessoides, Ceratomyxa dre^ 
panopseitm, 731 
Drosophila: 

Cercoplasma drosophilce, 372 
Octosporea monospora, 746 
Octosporea musree domesfica^, 746 
Trypanosomidai of, 377 
Drosophila ampelophila, Herpetomojias in, 382 
Drosophila confusa : 

peritrophic membrane in. Fig. 175 
spirocha^te in, 1276 

Drosophila phaleraia, Herpetommras in, 379, 
Figs. 177, 179 
Drug-fast strains, 151 
Drugs ; 

action of, 150 

action on Entama'ba histolytica in cultures 
(Kofoid and Wagener, 1926 — see refer- 
ences) 

amoebye, 254 
Balantidium coli, 1208 
Leishmania , 423, 437 
malarial jiarasites, 983 
Spirillum minus, 1288 
Treponema pallidum, 1269 
Treponema recurrentis, 1257 
trypanosomes, 459 
Dry films, 1316, 1333 
Duboscqin, 739, 743 

legeri, 743 

Duck: 

Cochlosoma in, 681 
Elmer ia avium, 856 
Entamoeba of, 231 
Eutnvlwmastix, 674 
Leucocytozoon nnatis, 908 
Sarcocystis in, 769 
spirochaete of, 1261 
Duiker: 

malarial parasite in. 975 
Plasmodium cephalophi, Plate XVI., p. 974 
trypanosomes of, 510 
DuUonetla pecorum, 552 

simioe, 557 

vivax, 559 

Dysdercus ruficollis, Chagasella in, 1074 
Dysentery: 

action of emetine, 254 
amoebic in cat, 227 
amoebic in dog, 227 
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Dysentery — continued : 

amoobic in man, 183, 186 
amoebic in monkey, 226 
balantidial, 1205 
coccidial diarrhoea, 823 
flagellate diarrhoea, 653, 703 
in kala azar, 401 

Earthworm, Monocystia in, 1147 
ciliates in, 1167, 1168 
Earwig, Clepsidrina ovata in, Fig. 480 
East Coast fever, 1029, 1031 
immunity, 147 

Echidna, Theileria tachygloaaif 1029, 1038 
Echinomera hiapida, Fig. 481 
Echinospora, 882 

labbei, 865, Fig. 372 

Echis carinatua. Cingula in, 1064 
Ectoplasm, 27 

Edentata, trypanosomes of, 482 
Eel: 

Hcemogregarina beitencourti^ 1106 
Trypaivoaoma gmnuloaum, 603 
Egg media, 1296, 1298 
Eimeria, 828 

species in cold-blooded vertebrateSj 
860 

Eimeria arloingi, 844 
— — arvicolwt 848 

avium f 856 

brumpti, 844 

cania, 846, Fig. 365 

canna, 855 

cavicBf 851 

clupearumy 861 , 861, Fig. 350 

cryatalloidea, 861, Fig. 372 

- —falciformia, 829, 831, 848 , Figs. 366, 367 

falciformia var. cricetif 848 

faurei, 843, Fig. 363 

- felinay 847 

- - gubleri, 839, Fig. 359 

heaaeij 848 

intricata, 843 

jalinum, 845 

lacazei, 861, Fig. 370 

— - leporia, 841 
macropodia, 856 

— " vmrmotm, 848 

mitraria, 859, Fig. 369 

neglecta, 859 

nepce, 864 

- nieachulzi, 851 
nova, 1068 

oxyapora, 851, 852 , 861, Figs. 350, 368 

perforana, 839, Figs. 350, 360 

perforana var. magna, 840 

657 

prevoti, 859, Fig. 369 

— - propria, 859 

rajMje, 859, Fig. 369 

ranarum, 859, Fig. 369 

aalamandrcp, ^59 

aardince, 851, 852 , 861, Figs. 350, 368 

Eimeria achubergi, ISli, Figs. 337, 370 
maturation process, 115 
Eimeria aciurorum, 848 
anijderai, 851 


Eimeria atiedcc, 833, Figs. 355, 356, 367, 368 
occurrence in man, 839 
Eimeria auia, 845 

truncata, 859 

uiinenaia, 856 

wenyoni, 861, 861, Fig. 350 

— zurnii, 842, Fig. 362 
Eimeriidse, 797, 803 
Eimeriidca, 779, 793, 796, 796 
Eimeriinee, 797 
Eland : 

Eimeria canrm, 855 
trypanosomes of, 510 
Elephant : 

Eimeria in, 855 

Prototap irella elephantia in, 1218 
Trypnnoaoma brucei, 510, 641 
Trypanoaoma elephantia, 610, 641 
Trypauoaoma evanai, 566 
Eleuiheria dichotoma, ciliate of, 1165 
Elleipaiaoma, 1050 

thomaoni, 975, 989, 1050 , Fig. 434 

Embadomonadidse, 268, 287, 615 
Embadomonaa, 33 
cysts, 47 

of tortoise. Fig. 1 1 
Embadomonaa agilia, 620 

alexeieffi, 620 

beloatomce, 620 

Embadomonaa cuniculi and Boeek, 1926 

— see references) 

Embadomonaa inteatinalia, 616, Figs. 255, 303 
cultivation of, 1299 
Embadomonaa ainenaia, 619 
Embadomonaa wenyoni, 620 
Embia soleri, Adelina tranaita, 1072 
Emetine : 

action of, 150 

action on intestinal amoebas 254 
action on Dientamoeba fragilia, 250 
action on Entamoeba hiatolytica in cultures 
(K of Old and Wagener, 1926 — see refer- 
en(;es) 

in oriental sore, 437 
mechanism of action, 255 
method of administration, 256 
Emetine-resistant strains of amoebsB, 257 
Emphytua cinctua, Leptomonaa emphyti, 370 
Emyda vittata, trypanosome of, 685 
Emydura krefftii : 

Hoemoproteua in, 899, 901 
trypanosome of, 588 

Emya orbicular ia, Hcemogregarina atepanowif 
1081 

Encephalitis, supposed Microsporidiida in, 754 
Encephalitozoon, confusion with leishmania, 
395, 756 

Encephalitozoon cuniculi, 765, Figs. 322, 323 
resemblance to Toxoplaama, 1047 
Encephalitozoon rabiei, 766 
Encystment, 46 , 129, 134 
Endameba coli, 211 

hominia, 211 

inteatinivulgaria, 211 

Endamoeba, 160, 184, 285 

blattoB,2S5 

coli, 184 
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Endamoeba dysenterice, 184 
histolytica, 184 

Endocyst, 46 , 

Endolimax, 160, 238 
in animals, 241 
in man, 238 

Endolimax cavim (Hegner, 1926 — see refer- 
ences) I 

Endolimax cynoimlgi, 242 
intestinalis, 238 

Endolimax janisoc (Hegner, 1926 — see refer- i 

enoes) ; 

Endolimax hueneni, 248 
Endolitnax mma, 238, Figs. Ill, 117 

confusion with cojirozoic amoebae, 258 * 

cultivation, 240, 241, 1297 
cysts, 239 

cysts stained with iodine, Plate II., p. 260 
infection of rat and monkey, 241 
Sphocrita in, 662 
statistics, 259 

Endolitnax phagocy hides, 238 

pileonucleatus, 243 

ranarum, 242, Fig. 113 

ratii, 242 ' 

Endomixis, 51, 54 

Endoplasm, 27 , 

Endotrypanum schaudinni, 485, Fig. 204 ’ 

Entamoeba, 160, 182 
in birds, 231 
in cattle, 231 
in cockroach, 235 
in fish, 233 
in frogs, 231 
in goat, 231 
in guinea-pigs, 229 
in horse, 231 
in invertebrates, 234 
ill man, 184 
in newts, 233 
in pi«s, 229 
111 rabbits, 229 
111 rats and mice, 221, 228 
111 reptiles, 233 
in sheep, 231 
in tortoises, 233 
mouth of dog, 224, 227 
mouth of horse, 224, 227 
of monkeys, 225 
Entamceba ajncana, 184, 200 

anatis, 231 

a pis, 235 

at cits, 226 

Entamoiba aulas tomi, 234 
cultivation of, 1297 
Entamoeba barreti, 233 
cultivation, 207, 1299 
Entamoeba belostomoe, 234 

blattce, 236 

bovis, 231 

brasiliensis, 184, 211 

butschlii, 243 

caprcB, 231 

cavice, 229 

cercopitheci, 226 

chattoni, 226 

cobaycB, 229 


Entamoeba coli, 210, Figs. 100, 101, 117 
aberrant forms, 219 
adult form, 212 
autogamy, 85, 218 
chromatoid bodies, 217 
cultivation, 219, 1297 
cysts, 214, Fig. 101 

cysts stained with iodine, Plate 11., 
p. 250 

encystment, 48 
exeystation, 218 

ingested cyst of E. histolytica. Fig. 99 
ingestion of cysts of Protozoa, 252 
morphology, 212 
nucleus, 214 
pathogenicity, 2 1 8 
precystic form, 214 
races, 217 
JSpheerUa in, 662 
statistics, 259 
vegetative forms, Fig. 100 
Entamoeba coli communis, 184, 211 

coli var. tetragena, 1 84 

cuniciilt, 229 

debhecki, 230, Pig. 106 

decumani, 229 

dispar, 184, 204 

dysentenm, 184 

cgui, 231 

Entamoeba gingioalis, 221, Fig. 103 
cultivation, 225, 1297, 1299 
Entamoeba hatemanni, 184, 211 
Entamoeba hi'tiohjtica, 184, Figs. 93-96, 117, 
Plate L, p. 192 
aberrant forms, 208 

action of drugs on, in cultures (Kofoid and 
Wagoner, 1926 — sec references) 
action of emetine, 254 
budding. 203 
carriers, 189, 191 
cultivation, 190, 206 , 1297 
cysts. 200, Fig. 06 

cysts ingested by E. coli, 252, Fig. 99 

cysts stained with iodine, Plate II., p. 250 

dysenteri(! ulcer. Fig. 93 

emetine-fast strains, 151 

encystment, 48, 189 

exeystation, 186, 190 

fate of cysts, 190 

glycogen in cysts, 125, 200 

in bone marrow , 210 

in epididymis and testis, 193 

in Hodgkin’s disease, 210 

in lungs, 193 

in muscle abscess, 194 

in pus from knee-joint, 194 

in skin, 193 

in tissues. Fig. 94 

in urine, 192 

infection of cats, 1 90, 204 
invasion of brain, 192 
invasion of liver, 192 
invasion of spleen, 192 
invasion of tissues, 186 
life-history, 185 
maintenance in kittens, 1312 
method of infection, 186 
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Entamoeba histolytica — continued : 
morphologjr, 194 
nuclear division, 99, Fig. 67 
nucleus, 197 
nutrition, 124 

obtained by duodenal tube, 193 
pathogenicity, 203 
pathology, 192 
persistence of infections, 143 
precystic foiros, 1 9S 
races, 25, 198 
races of cysts, Fig. 10 
reproduction, 198 
Sphoeritam.^ 662 
spontaneous in animals, 227 
spores, 203 
statistics, 259 
structure of nucleus, 59 
susceptibility of animals, 204 
symptoms, 191 
tissue-invading form, 194 
type of cell in stool, 192 
variations of virulence, 137, 204 
vegetative forms. Fig, 95 
viability of cysts, 203 
Entamoeba histolytica var. murina, 206 

hominis, 210 

lagopodiSy 231 

— macrohyatina , 222 

— - ^ maxillarisy 221 

meHmliy 234, Fig. 109! 

winchiniy 234, Fig. 108 

— - mimitay 184, 199, 200 

minutissimay 184, 202 

Entamoeba muriSy 221, 228, Fig. 105 

autogamy, 85 
Sphoerita in, 662 
Entamoeba nana, 238 

ni'pponica, 184 

nuttalliy 225, Fig. 104 

oviSy 23 J 

paradysenUrica^ 184, 209 

phagocytoides^ 238, 241 

pitheciy 226, Fig. 104 

poleckiy 229, Fig. 106 

Entamoeba ranarum, 231, Fig. 107 
cultivation, 207 
Enta7noeba ratti, 229 

aerpentiSy 233 

,suisy 229 

tenuis, 184, 200 

testudinis, 233 

tetragena, 184, 200 

venatiewn, 184, 227 

williamsi, 211, 243 

Enteromonas, 306 

relation to Tricercomonas, 635 
Enteromonas Bengalensis, 307, 619 
fonsecai, 307 

Enteromonoui horninis, 306, Fig. 146 
relation to Chilomastix mesnili, 627 
Enteromonas intestinalis, 307 
Enterophrya, 1194 
Entodinium, 1211 
Entodinium dentatumy Fig. 517 
Environment, influence of, 129 
Ephelota gemmipara, budding, 70, Fig. 40 


I Ephemera vulgata, StempelUa mutabilis, 743 
' Epicyst, 46 
Epidinium, 1215 
Epimerite, 39, 1122, 1138 
, Epistylis umhellariay Fig. 629 
Epomorphus, malarial parasite in, 973 
Equatorial plate, 12 
Equida', Babesia in, 1008 
Eratyrus cuspidatvs, transmission ol I'ryjiano- 
soma cruzi by, 496 
Erinaceus, Babesia in, 1025 
Erythroiampus cesculapii, trypanosome of, 
585 

Espundia, 424 
Euciliata, 158, 1160 
Eucoccidtum, 869 
Eucope, Balantidium in, 1211 
EuglenUy 277 

chromatophores in, 123 
Sphoerita in, 662 
Euglena oxyuris. Fig. 128 

spirogyroy 285, Fig. 134 

viridisy Fig. 6 

Euglenamorpha hegneri, 285, Fig. 134 
Euglenoidida, 268‘, 277, 2S2 
Euglenoidina, 277 
Eugregarinida. 1118, 1138 
Eumonadea, 268, 286 

Eunectes murinns, schizonts of h.Tmogregarines 
in, 1110 
Euphorbia . 

infe(5tion with Leishmama donovanu 417 
inoculation with Leptomonas ctenocephah, 

\ 355 

; Phytomonas of. 382, 390 

relation to oriental sore, 434 
spirocluetes of, 1276 

Euphorbia segetalisy Leishwania tropicuy 433 
Euplotes, 1221, Fig. 527 

Enryophthalmus convivusy Cnthidia enryoph- 
thalmiy 361 
Eurysporea, 724 
EutnchomashXy 671 
in blood, 271 

relation to Trichomonas, 672 
species of, 674 

Eutrichomastix qallinarumy Fig. 265 
Eutrichomasiix lacertw, 672, Fig. 277 
transmission by mite, 674 
EutrichornaMix trichoptercc, 675, Fig. 278 
Eutrypanosome, 381 

I Evotomys saturatus. Trypanosoma evotomys. 476 
Excretion, 126 
Exechlyga acuminata, 669 
Exflagellation, 85, 881 
Extrusion filaments, 45 

Falcon, Oiardia in blood, 271, 706 
Fallacies : 

blood filaments, 1277 
contamination of films, 272, 1319 
cysts of Trypanosoma melophagium, 504 
fragmentation bodies, 402, 409 
vegetable cells for hsemogregarines, 1113 
Fanxtpepea intestinalis, 621 
Fannia regina, Herpetornonas muscarum, 364 
Fat, 126 
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Fat globules, 29 

in Trypam)8oma rotaiorium, 323 
Fennecus doraaliSf Bafjema in, 1026 
Ferments, 124 

Fertilization spindle, 84, 788 

Fihrocyahs tarandi, 773 

Ficalbia dofleinif gregarine in, 1149 

Filaments in blood, 1277, Fig. 557 

Films, method of preparation of, 1316, 1320 

Filose pseudopodia, 31 

Filter- passing Treponema recurrentia, 1257 

Filter-passing trypanosomes, 520 

Fish : 

Balantidium in, 1211 

blood spirochaetes of, 1267 

Chilonmatix in, 628 

Cnidosporidia in, 718 

Coatia neratrix, 305 

Cryptobia in intestine of, 640 

cutaneous infeetion with Chilodon, 1178 

Eimeria in, 860 

Entama‘ba of, 233 

Eutrichomaafix, 675 

Oiardia in, 711 

Glohidiellum in, 1064 

Hfprmifrnctidium in, 1064 

hsemogregarines of, 1106 

H(vmohormidmm in, 1065 

Hexamda in, 689 

fchthyophthiriua muUifiliia, 1187 

I chthyoaporidium, 773 

I mmanoplaama in, 1064 

leptomonas in, 442 

Nyciotherna in, 12<K) 

Octomoatix in, 691 
Protrichomonaa in, 679 
Trepomonaa in, 713 
Trichodina in, 1224 
Trichomoms of, 669 
Trypanoplnamn in blood of. 642 
Trypanoplaama in intestine of, 640 
trypanosomes of, 599, Figs. 243, 244 
Fixation, methods of, 1311), 1324, 1326 
Flagella : 

attachment by, 40 
movement of, 127 
Flagellata, 268 
Flagellates : 

contaminating films, 272 
cultivation of, 1300, 1308, 1310 
intestinal, in blood, 271 
Flagellating body, 886 
Flagellation, 881, 918 
Flagellum, 31 

growth from blepharoplast, 122 
now formation of, in Trypanosomidae, 333 
Flea : 

behaviour of Leishmania donovani in, 420 
behaviour of Leishmania tropica in, 435 
behaviour of Trypanosoma cruzi in, 495 
Criihidia in, 358 
gregarines in, 1149, Fig. 486 
habits of, when feeding, 350 
Ucemoproteua in, 897 
Hepatozoon balfouri, 1093 
Hepatozoon piiymyaif 1112 
Legerella parva, 1068 


Flea — continued : 

leptomonas in, 348 
Malpighiella refringenSt 241 
Microsporidiida in, 752 
I relation to kala azar. 420 

j Bickettsia in, 1062 

I spirochaBtes in, 1276 

' transmission of Trypanosoma lewisi, 469 

Flying fox, malarial parasite in, 973, 974, 

, Plato XVI., p. 974 
I Foainuy 677 
I gracilis^ Fig. 280 

Fontana’s method of staining spirochaotes , 
I 1333 
i Food, 123, 127 

1 Food reserve material, 125, 129 
I Food vacuoles, 27, 124 
Foraminifcra, 41, 160, 168 
Forcipomyia and oriental sore, 437 
' Forest yaw's, 424 

, Forficula, Clepsidrina ovata in. Fig. 480 
; Formol gel test, 405 
Fowl : 

(^hilomaatix gallinarumy 628 
Eimeria avium^ 856 

Endohmax janism (Hegner, 1926 — see 
I references) 

I Entnmosba of, 231 

EutrichomastiXf 674 
Pygolimax gregariniformis, 242 
Barcocysi is in, 769 
spirochsBte, 1261 
spirochiete, transmission of, 1264 
Teiratrichfjmonas in blood, 271 
; trypanosome of, 580 

i Fox : 

! Babesia in, 1026, 1028 

Leptospira irterohvmnrrhaqioi, 1279 
I Bpirocho'fa regaudi in, 123(5 
! Fragmentation bodies, 402, 409 
Frenzelina conformis, Nosenm frenzelince in, 
741 
Frog: 

Balantidium in, 1210 
Cepedea lanceolala, 1159 
Copromonas subtilis, 283 
Cytamoeha bacterifera, 1051 
Dactylosoma ranarum, 1039 
I Eimeria in, 859 

: Emhadomonas in, 618, 620 

; Endolimnx ranarum, 242 

I Entamoeba of, 231 

I EuirichomastiXy 675 

j Oiardia in. Ill 

j Uexamifa in, 684, 689 

i Hexamita in blood, 271 

Isospora in, 826 
Ijankeaterella minima, 878 
j Leptoiheca ohlmacheri, 732 

; Mastigina hyhv, 267 

! in, 1199 

' Opalina ranarum, 1154 

Protoopalina intestinalis, 1158 
' Trichomonas of, 669 

' Trypanoplaama in, 641 

' trypanosomes of, 588, 595 

trypanosomes of, in Congo, Fig. 238 
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FuTiamhulua pennantii, Hepaiozoon funatnbuU 
in, 1085, nil 

Funastrum boneoriensiSf Phytornonas in, 382 

Qadus oeglefmus : 

Olobidiellum in, 1064 
Hoemogregarina wglefinit 1107 
QcLdua minutuSf spirochsete of, 1267 
Oadus virens : 

Chilomastix in, 628 
Myxidivm bergense, 721 
Galago demidoffi, trypanos(>me in, 484 
Oallimgo gallinago, spirochsete of, 1267 
Game, pathogenic trypanosomes of Africa, 508, 
610 

Gametes, 8, 71, 133 
formation of, 84 
method of union, 82 
number produced, 74 
Gametocyst, 48, 74, 134, 1119 
Gametocytcs, 72, 133 
association of, 75 
Gametogony, 72, 73 
Gammarus : 

ciliates in, 1172, 1186 
Sjiirochona in, 1224 
Gasterostevs, Glvgea anomala^ 740 
Gaatrocystia gilruihif 769 
Gazelltti Babesia in, 1027 
Gecko: 

Chilomastix in, 628 
Eutrichornastix in blood, 271, 674 
leptomonas in, 434, 438 
oriental sore, 434 

Pirha^mocyion tarentola^y 1052, Fig. 437 
Prowazekella lacerUti in, 61 J 
iSarcocystis in, 769 
trypanosomes of, 583, 585 
Gemmation, 7, 69 
Generative chromatin, 51, 61 
Gcrbil: 

Chilomastix in, 628 

Hepatozoon gerbilh in, 1085, 1093, 1111 
Trypanosoma lewisi in, 463 
GerriSf Crithidia gerridisy 357, 358 
Giardiay 268, 691 

arrangement of blepharoplasts and flag- 
ella, 693 
axostylo, 43 
cysts, 47 
encystment, 697 
in blood, 271 

measurements of various species. Fig. 296 
method of division, 696 
mitosis, 699 

multiple segmentation, 700 
parabasals in, 120 
sucking disc, 41 

Oiardia agilis, 711, Figs. 296, 298 

alatUy 707 

ardecBy 710 

bovisy 710 

canisy 709, Fig. 296 

caprcBy 710 

catiy 709 

cavicBy 706, Fig. 296 

defUkis, 711 


Giardia duodenalisy 705, 709, Fig. 296 
i enter icoy 701 

1 equiy 710 

I jelis^ 709 

gracilis, 707 

Giardia wtestinali'^y 701, 715, Figs. 291, 290, 
303 

cysts, 697, Fig. 293 
cysts in E. coUy 252 

cysts stained with iodine, Plate II., 
p. 250 

division, 697. Fig. 292 
growth of flagellate. Fig. 294 
pathogenicity, 703 
susceptibility of animals, 704 
I Giardia la mhlia, 10 i 
Giardia microti, 705, 708, Fig. 296 
I mitosis. Fig. 295 
I Giardia mnriSy 705, 707, Figs. 296, 297 

1 pitymisi, 708 

salmon is y 690, 711 

sanguinis, 710 

simoni, 708 

varan iy 711 

viscacicsy 708 

xenopi, 711 

Giemsa stain, 1318, 1324 
Gigantism, 130, 370 
GiqantomonaSy 670 
Giraffe : 

Babesia in, 1011 
Hepatozoon, in, 1112 
Glaucoma, 1163, 1175, 1183 
Glaucoma parasiticum, 1186 
Glaucoma pyriform is, 1184, 1186 
influence of syngamy, 131 
Glaucoma scintillansy influence of syngamy, 131 
Globidiellum, 1064 

multifidum, 1107, Fig. 443 

Globidiiim, 157, 760, 769, 1064, 1107 
recorded species of, 773 
Gldbidium besnoiti, 770 

qilruthi, 771. Fig. 331 

leuckarti, 769, Fig. 332 

multifidum , 1107 

Globigerina bnlloides. Fig. 80 
Globulin precipitation test, 405 
Glomerisy Legerella m, 1068 
Glossina : 

hamnogregarines in, 1093 
leptomonas in, 342 

mechanism of trypanosome transmission, 

' 511 

Trypanosoma grayi in, 373 
vectors of trypanosomes, 517 
, Glossina brevipalpis : 

. Trypanosoma grayi, 582 

1 trypanosomes transmitted by, 517 

Glossina fusca : 

Trypanosoma giayi, 582 
trypanosomes transmitted by, 517 
Glossina longipalpk, trypanosomes trans- 
I mittedby, 518 

i Glossina langipennis, trypanosomes transmitted 
by, 518 

i Glossina morsitans. Fig. 216 
Leptomonas in, 342, 369, 434 
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Olossina morsitans — continued : 

transmission of Trypanosoma brucei^ 545|| 
transmission of Trypanosoma gamhiensct 
534 

transmission of Trypanosoma rhodesiensCy 
551 

trypanosomes transmitted by, 518 
Olossina pallidipas^ trypanosomes transmitted 
by, 518 

Olossina pal pah 'i : 

crocodile trypanosome, 582 
II epatozoon in, 1093 
spirochsetes in, 1275 
Trypansoma (jallinarum in, 580 
Try iHino'iomn yambiense, 531 
Trypanosoma yrayi^ 582 
Trypano'ioma kochiy 582 
trypanosomes transmitted by, 518 
Olossina swynnertonty trypanosomes trans- 
mitted by, 518 
Olo'isinn tachinoidf's : 

toad trypanosomes, 58.3, 590 
Trypanosoma qrayiy .582 
Try pa n osoma ra ra n i, 583 
trypanosomes transmitted by, 518 
Olossosiphonia : 

relation to tortoise trypanosomes, 585 
Olugea, 738, 740 

spores of, l^ig. 318 
Oluffea anomaln, 740 
Gluf/ea /v.s‘vrr, 756 
Ghajea manoms. Fig. 304 
Gliiyea varians, 751 
(llugeida^ 738 
ClJyeogen, 29 

in Kndolima r nana cysts, 240 
in Entamaha coli cysts, 215 
in Entamivixi histolytica cysts, 12.5, 2(K) 
in gregarines, 1118 
in fodama’ba butschlii cysts, 125, 246 
Goat ' 

^ I na plasma in, 10.5(» 

Babesia mot as i, 1006 

Babesia ons, 1006 

Babesia sergenti, 1007 

Chilomastix capra\ (i2S 

Copromonas ruminantium. 283 

Eimeria arlona/K 844 

Entamadya of, 231 

Giardia capr(n^ 710 

Glob id in min, 771, 773 

Leish ma n ia ca pnv. 399 

malarial parasite in, 976 

Phyllomitns nndulans^ 305 

Pneumocystis carinii in, 1080 

Prole ptomonas fardcola. 297 

Rickettsia ruminantHcm, 1062 ! 

tSelenomonns ruminantium , 311 

Sphmromonas, 290 , 

spirocha'tes of, 1 259 , 

Theileria iriy 1036 , 

Trypanosoma bruceiy 542 j 

Trypanosoma capree, 564 

Trypanosoma congolensty 552 

Trypanosoma gambienscy 539 

Trypanosoma nniformCf 565 

Trypanosoma vivax, 560 


‘ Gdbio fluviatiluy Hcemogregarina gdbionisy 1108 
! Gobius j'raganellus, U oemogregarina polypartitay 
1106 

, Golunda campance : 

' Babesia in, 1026 

' spirocha‘te of, 1260 

Gonderia,m<)ymi) 

Gonderia ovis^ 1004, 1007 
Gondi : 

Babesia quadruteminay 1024 
blood spirochiete of, 1260 
dilates of, 1195, 1196 
Toroplasma iwy 1042, 1043, 1047 
Ooniodomay 277 
Gonium, 278 

Gonium pectoraley Fig. 132 
Gonomery, 82 
Goose • 

Eimeria avium y 8.56 
Eimeria truncatay 859 
Leucocytozoon anseris, 907, 90S 
spiroolieete of. 1261 
Gorilla 

malarial parasites of, 970 
Trexflodytella in, 1220 
trypanosome in. 485 
Gonssitty 829 

Gralmmeilay 10.56. 1058, Fig. 439 
Grannie phase: 

of Treponema anserinOy 1202 
of Treponema recurrent iSy 1253 
Granuloma veueu umy 1271 
Grasshopper, inoculation with JJerpetomouas 
muscarum. 369 
GregarinUy 1117 

avium intestinahsy 824, 856 

--- Figs. 478. 485 

— cteuocephalus eaniSy 1149 

— cuhcidis, 1121 

Greqariua cuueatay gametocyst with ducts 
Fig. 479 

Gregarina falciform iSy 829, 848 
' hndemanniy 768 

— - - muriSy 848 
Gregarine • 

cycle of. Fig. 465 
in Phlehotomus argeutipeSy 1 151 
movements of, 37, 128, 1122 
Eosema f'renzehnceiiiy 741 
types of oocyst. Fig. 483 
Gregariniens, stages of Trypan osomidie, 381 
Gregarinina, 779. 781, 782, 1117 
oocysts, 47. Fig. 483 
relation to Coccidiomorpha, 1 151 
subdivivsion of, 1125 
GromiUy 171 

Gromia ovijormi'iy lig. 72 
Grouse : 

Eimeria avium y 856 
Entamoeba of, 231 
Leucocytozoon lovali, 907 
Trichomonas bonasce (Tanabe, 1926 — see 
references) 

Oryllotalpa : 

Nyctotherus ovalis in, 1200 
Rctortamonas in, 678 
Trypanoplasma in, 640 
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Guinea-fowl: 

Lmcocytozoon neavei^ 906, Fig. 390 
Guinea-pig. 

Balantidium cavice, 1210 
blood spirochaete of, 1260 
Chilommtix inte^tinalia, 628 
GhUomitus^ 309 
OristispireUa cavioR in, 1240 
CunJiaia curvatUy 1212 
Cyathodiniumm, 1193 
Eimeria, 848 
Eimeria cavice, 851 
Ernbadomonas in^ 616 
Endolimax cavice (Hegner, 1926 — see 
references) 

Ejitamceha cdHtyce, 229 
Enteromonas fonsecaiy 307 
Enterophrya in, 1194 
EutrichmnastiXy 674 
Klossiella ccibaym, 1076 
Oikomonm termo, 291 
piroplasma-like bodies in, 1026 
rneumocystis carinii in, 1079 
Selenomonas palpHanSy 311 
Selenomonas ruminantiumy 312 
Sphceromonas communiSy 290 
Sphceromonas rossicUy 291 
Toxoplasma illy 1043, 1047 
Trichomonas cavicSy 666 
Trichomonas flc^gelliphora. Of'* 
Trypanosoma lewisi in, 464 
trypanosome in, 478 
Ourleyay 738, 741 
Qurleya francotteiy 741, Fig. 315 
Oymnodininm rhomboidesy Fig. 126 
Gymnostomata, 1163, 1164, 1175 

Haddock, Jlcemogreyarina ceylefini, 1107 
Hcemammba immaculata, 934, 951 

kochi, 968 

inayoris, 908 

malar ioBy 942 

metchnikowiy 887, 897 

neaveiy 906 

prcecoxy 977 

relicttty 977 

tenuis y 951 

testudinisy 899 

vassaliy 974 

Hcemaphysalis : 

Babesia higemimy 996 
Babesia bovisy 999 
Babesia canisy 1018 
Rocky Mountain fever, 1060 
Haematochrome, 30, 123 
Hcematococcusy 180, 278 

name lor piroplasms, 987 
Hcematococcus pluvialiSy Fig. 131 
Hoematopinus : 

Hepatozoon gerbilliiTiy 1085. 1093, 1112 
Treponema recurrently 1251 
Trypanosoma evansiy 569 
Trypanosoma lewisiy 474 
HcBmatopota, Trypanosoma evansiy 568 
Trypanosoma theileriy 501 
Hcematrcuitidiumy 1064, 1108, Fig, 443 
Hosrmtozoon falciparumy 934 


Hcsmocystidiumy 899, 900 

cujamoBy 982 

chelodincsy 899 

kopkiy 899, 902 

najcBy 900 

simondiy 899, 902 

Hoemocystozoon braziliensey 273 
Hasmogregarinay 1081, 1104 
Hcemogregarina ceglefini, 1107, Plate XIX., 

p. 1102 

Hcemogreyarina halfouriy 1085 

bettencourtiy 1106 

higeminuy 1 106, Fig. 461 

hlanchardiy 1115 

bouniy 1116, Fig. 462 

boviSy 1116, Fig. 462 

cxiniSy 1091 

I carpioniSy 1 108 

1 chattoniy 1091 

I Hasmogregarina carvirostrisy two types of 
j schizont, 1109 

Hcemogregarina cynomolgu 1115, Fig. 462 

ellipticay 1 1 13, Fig. 462 

equatonalisy 11 15, Fig. 462 

gallica, 1113, Fig. 462 

gerhilUy 1085 

gobiontSy 1108 

Hcemogregarina gracilis y 1101, Fig. 459 
' two types of schizont, 1109 
I Hmmogreganna horninis. 1113, Fig. 462 

I inexpectata, 1113, Fig. 462 

1 ptculiy 1085 

lacertaruniy 1095 

laveraniy 1 108 

lutziy 1110 

manritamcay 1105 

minima. 878 

najcSy 1110, Plate XIX , p. 1 102 

nicorivcy 1084, 1105 

percornsiy 1 1 10 

polypartitQy 1106 

procteriy 1110 

gnadrigeminay 1106 

Hcemocfregarina ranarum. 1039, Plate XIX., 

p. 1102 

Hcemogregarina rotundatUy 1091 

serpentium. 1110 

seurati, 1110 

simondiy 1106, 1107, Fig. 460 

Hcemogregarina stepanowi. 1081, Fig. 451, 
plate XIX., p. 1102 
Haemogregarines : 

cla8siti(!ation of, 1103 
cysts in blood -corpuscles, 1102 
general account, 1101 
H cemo(/regarina, 1 08 1 
HepatozooUy 1085 
in trench fever, 272 
Karyolysusy 1095, 1104 
LankesterelUiy ^1% 

I leucocytic form in cold-blooded animals, 

1 1102 

of birds, 1110 
of fish, 1106 
of land reptiles, 1 109 
I of mammals, 1110 

■ EcheUackiay 876 
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Ha^mogregarines — continued : 
schizogony stages of, 1103 
simulated by vegetable organisms, 1116 
species in leucocytes of mammals, 1111 
species in red blood -corpuscles of mam- 
mals, 1111 

supposed forms in man, 1113 
supposed forms in monkey, 1113 
supposed forms in ox, 1113 
two types of schizogony, 1109 
types of, Plate XIX., p. 1102 
valves in (jysts, 1 102 
vermicule stage of, 1101 
Haemogregarinidge, 1080, 1081 
Haemopegarinidea, 779, 794, 796, 1080 
limmoTiormidium^ 1065, 1108, Fig. 443 
Haemoproteidti*, 882, 883 
HoBmoprolem^ 883, 885 

gamete formation, 85, 881, Fig. 381 
immunity, 897 
of birds. 888 

of cold-blooded animals, 897 
of kestrel, 891, 896, Fig. 381 
of sparrow, 896, Pigs. 388, 389 
Schaudinn’s view, 886 
Hwnwprofeufi ngatnfp, 899 

cajali, 899 

chelidonis^ 896 

chelodinain 901 

H(Bmoproteus columlm, 888, Pigs. 383, 384, 385, 
386 

development in mosquito, 897 
Lynchia mavra, 880, 888, 892, Figs. 384, 
385, 386 

maintenance in laboratory, 1314 
transmission, 890 
H(jemopro*eus graham i, 899, 902 

mesnili, 901, 1’late XVII., p. 982 

tnelchnikoivij 901 

noctuiVy 88(», 887 

Hatmoproteuif onzivorupy 892, 896, Plate VI., 

p. 882 

Hirmoproteus phyllodactyli, 899, JK)2 

roumeiy 900 

ttimondiy 902 

testudinisy 900 

Hmmop»is mnguisugay i^hiloniasiijc in, 628 
Haemosiderin, 883 

Hteraosporidiidea, 779, 793, 796, 881 
Hremotrichomnnaa gall inarum y 670 
Ucrmotrickomonas ophidiuniy 670 
Haemozoin. 883 

Halter id hiMy 886 (see also HiEtnoproteus) 
Hamster : 

Cricetulufi grisetis, natural infection with 
Leishminia domvani (Young and 
Hortig, 1920 — see references) 

Cricetulus griseus susceptibility to Lehh- 
mania domvani y 414, 416 
Cricetulus triton susceptibility to Leish- 
nuinia domvani (Young and Pao-Yung 
Liu, 1926 — see references) 

Eimeria in, 848 
Orahamellay 1059 
Hepatozoon criceti in, 1093 
Trypanosoma rabinowitschiy 476 
Hapale, Trypanosotna minasense, 483 


Haplogastrocystisy 771 
Haploid chromosomes, 16 
Haplosporidia, 157, 773 
Haplosporidium limmdriliy 774, Fig. 333 
Haptomonads, 343 
Hapiophrya gigantea, 1170, Fig. 493 
Hare : 

Babesia leporisy 1025 
Eimeria in, 830 
Eimeria leporiSy 841 
Hepatozoon leporis in, 1085, 1111 
Hartebeest, trypanosomes of, 510 
Hartmannelluy 160, 175, 259 
Hartmannella glebcSy 177 

n^iclear division. Fig. 56 
I Hartmannella hyalinuy 175, Fig. 89 
j nuclear division, 102, Fig. 59 
! Hartmannella klitzkei, nuclear division, 103, 
I Fig. 60 

: Hartmannella sp., nuclear division. Fig. 88 
I Heartwater, 1002 
I Hedgehog, Babesia in, 1025 
j Hegneria leptodactyli, 285 
I Heidenhain’s iron ha*matoxylin, 1323 
j Helcosoma tropicuMy 397 
I Helicops modestusy trypanosome of, 588 
I Helicosporidium parasiticum, 775, Fig. 334 
I Heliozoa, 160, 165 
j Helix: 

\ Cryptobia in, 637 

' Klossia helicina in, 1073 

Helkesimastixy (i32. Fig. 260 
Helobdella olgiray 597, Fig. 242 
I Hemiclepsis marginatUy Fig. 240 

Osh trypanosomes in, 603, 605 
La nkesterella minima in, 880 
Trypanoplasma in. 044 
Trypanosoma rotatoriumy 593 
HemidaefyluSy trypanosomes of, 583 

brookeiy Hcemoproteus in, 899, 902 

— - gleadovii, leptomonas in, 661 
Hemidactylus leschenaultiy Hce^mproteus in, 899, 
902 

Hemidactylus furcicuSy Haonoproieus in, 902 
Henneguyuy 728, Fig. 307 
Hepatitis, atdion of emetine, 256 
Hopatozoida?, 1081, 1085 
Hepatozoon y 1085, 1104 

Glossina, palpalisy 1093 
Phlehofomus papatasiiy 1093 
species in mammals, 1111 
transmitting hosts of, 1112 
Hepatozoon adieiy 1095, Fig. 456 
aiticora\ 1095 

Hepatozoon balfouriy 1093, Plate XIX., p. 1102 
division of karyosome, 60, 105, Fig. 35 
possible development in flea, 1113 
Hepatozoon brachysptzce, 1095 
Hepatozoon ranisy 69, 1091, 1111, Figs, 39, 
455, Plate XIX., p. 1102 
Hepatozoon criceti y 1093 
Hepatozoon gerbilUy 1093 
Hepatozoon inuriSy 1068, Fig. 453, Plate XIX. 

p. 1102 

virulence of, 143 
Hepatozoon musculiy 1090 
par oar ice, 1095 
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Bepatozoon perniciosumy 1085, 1086 

rhamphocmli, 1095 

tanagrce, ] 095 

Hereditary characters, 133 
Hereditary infections; 

Armplasma and ticks, 1056 
Babesia bigemivn and ticks, 986, 993 
Babesia bovis and ticks, 999 
Babesia canis and ticks, 1018 
Leptospira and mosquito, 1283 
Spirillum minus and guinea-pig, ] 287 
Treponema anserinum and ticks, 1264 
Treponema theileri and ticks, 1258 
Treponema recurrentis and louse, 1251 
Treponema recurrentis and tick, 1248 
Trypanosoma impinaium and leech, 698 
Trypanosomes and vetcbrates, 618 
TrypanosomidiB and insects, 360 
HerpesteSf Babesia in, 1025 
Herpetocypris sfrigafa, Serumsporidia in, 775 
HerpetomonaSy 318, 363 
in plants, 389 

in species of Drosophila^ 377 
Herpeiomonas brassmv, 297 

- - — caulhryi, 312 

— - ctenocephali, 348, Figs. 163, 164 
cteru)phthalmiy 349 

ctenopsyllw, 349 

debreuli, 349 

denticisy 442 

Herpeiomonas drosophike, 378, Fig. 178 
formation of axoplast, 324, Fig, 154 
Herpeiomonas euphorbia^ 384 

evansi, 566 

ficuum, 388 

Herpeiomonas grayi, 373, 582 
cysts, 341 

Herpeiomonas lewisi, 463 

lineata, 372 

melophayia, 502 

mesniliy 371 

Herpeiomonas mirabilisy 370, 372, P'lg. 172 
gigantism, 130 

Herpeiomonas muscce domesticce. 364 
Herpeiomonas muscmu 7 n, 364, Fig. 169 
cultivation, 369 
cysts, 341, Fig. 171 
development in bed bug, 419 
division, Fig. 159 
fibrils in, 122, 323, Fig. 154 
in various Muscida*, 366 
inoculation of grasshopper, 369 
inoculation of insects, 396 
inoculation of rats and mice, 369, 393, 
394 

inoculation of vertebrates, 393 

kinetoplast, 330, Fig. 158 

larval infections, 368 

method of cyst formation, 368, Fig. 171 

parthenogenesis, 89 

Khynchoidomonas forms, 325, Fig. 155 
supposed biflagellate, 334 
syngamy, 339 

trypanosome forms, Fig. 170 
Herpeiomonas m^joxiy 442 

patUmiy 349 

phlehoiomi, 435 


I Herpeiomonas pseudoleishmania, 348 

I rangeliy 498 

I roubaudiy 311 y Fig. 176 

' rubrostriatesy 381, Fig. 180 

I siphunculinwy 376 

1 Herpeiomonas sudanenMsy union of nucleus 
and kinetoplast, 332 
Hei'petomonas terricolcBy 297 
■ xenopiy 442 

Herpeiophrya astomOy 1172, Fig. 494 
Herpetophryidai, 1164, 1172 
Herpobdella ahmiarwy Orcheobius herpobdellae 
in, 1074 

Heterogamy, 72, 74, 1143 
Heteromitay 298 

angusta^ 302 

dahliiy 641 

nasuia, 610 

Heieromita uncinatOy 119, 300, Fig. 142 
blepharoplast, 117 
nuclear division. Fig. 68 
Heierofniia zeylanicdy 632 
Heterotrichiday 1162, 1197 
Hexaxtinomyxoru 757, Fig. 342 
Hexamastix. 681 

ardin delteih, 650 

Hexainitay 268, 684 
axostyle, 43 

invasion of blood-stream, 271, 691 
Hexamita duodeiiahs, 705 

horn mis, 688, Fig. 289 

inflata, 684, 689 

intestinalisy 684, Fig. 287 

— - muris, 686, Fig. 288 
nodulosa, 689 

- — ovatOy 689, Fig. 290 

IlippdHhsca canina. canine oriental sore, 436 

maculata. Trypanosoma theikn, 5(K> 

rufipesy Trypanosoma theileri, 500 

Hippocampus, Sphecromyxa sahrazesi, 730 
Hippopotamus, trypanosome of, 510 
Ilipposiderus tridens, Tnjpnnosoma morinorumy 
480 

Ilippotrogvs eqninus : 

Babesia in, 1027 
spirochate in, 1259 
tryixinosomes in, 51 1 

Hirudo medicinahs, Trgpanoplasma in, 640, 
644 

Hirudo nippoincu : 

relation to fish trypanosomes. 605 
Trypanoplasma in, (>46 
Histomonas meleagris, 292, Fig. 137 
Histoplasma capsnlatum, 105(b Idate III., 
p. 394 

^ resemblance to Leish mania tropica y 428 

j Hodgkin’s disease, ama‘ba‘ in, 210 
j spirocha*tes in, 1272 

, Hofereilmy 728, Fig. 307 
' Hogue’s egg medium, 1298 
’ H olomastigoides hertwigi y¥ig, 13 
I Holophrya, 1175, 1201 
Hole^hry aides y 1189, Fig. 504 
Holophytic nutrition, 123 
Holotricha, 1163 
Holotrichida, 1161, 1163 
Holozoic nutrition, 123 
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Ilomalomyia scalariis, Octosporea monosporai 

Homarm gammarus, ciliate of, 1167 
Homogamy, 1143 
Homologous chromosomes, 14 
Hoplitophrya, 1168, Fig. 493 
Hoplitophryinaj, 1168 

lloplopleura acarUhopuSf Hepatozoon pitymyai, 
Horse : 

AUantoaoma intestinalis^ 1229 
amoebfein, 231 
Anaplasma in, 1056 
Babesia in, 1008 
Balantidium in, 1202, 1210 
BlepJiarocodonm, 1193 
Blepharoconus in, 1191 
Bkpharocorys in, 1 1 93 
Blepharoprosthium ill, 1193 
Blepharasphmra illy 1193 
Bkplmrozoum illy 1189 
B'uttichlia iii^ 1189 
(Jryptococcufi in, 429 
Cochliatoxii ?/< , 121 9 
Cycloposthiu m , 1 2 1 7 
jjidesmis in, 1191 
Ditoxvm in, 1220 
Eimeria in, 855 
Entamoeba of, 231 
(hardiay 710 
Glohidinm in, 773 
11 olophry aides illy 1189 
Leishmanidy 399 
malarial parasite of, 976 
Paraisotncha illy 1194 
Paraisotrichopsis in, 1189 
Prorodonopns coliiiiy 1189 
Hhinospondium in, 778 
Sarcocystis illy 763, 768 
spirooha’te in, 1258 
tipirodiniuminy 1216 
Triadin ium in, 12 1 6 
Trichomofwa in, 668 
Tripalmana illy 1218 
Trypanosoma annamensCy 571 
Trypanosoma berberuwy 571 
Trypanosoma bniccL 542 
Trypanosoma ceUiiy 556 
Trypanosoma congoknsCy 552 
TryjMnosoma equiuumy 5T2 
Trypanosoma evansiy 566 
Trypanosoma hip'picnmy 572 
Trypanosoma somaliensey 556 
Trypanosoma sondanensty 571 
Trypanosoma venezuelensey 572 
Trypanosoma vivaXy 560 
Hosts : 

list of, for blood parasites, 1353 
list of, for invertebrate Trypanosomidso, 
1402 

reaction to parasitism, 137 
specificity of, 136 
House fiy : 

behaviour of Leishmania tropica in, 
436 

Herpetomonas muscarumy 364 
Octosporea muscce domesticesy 746 

II. 


House fly — continued : 

relation to kala azar, 422 
relation to oriental sore, 436 
Hyaena, trypanosomes of, 510 
Hyaloklossidy 807, 875 

lieberkuhniy 826 

Hyalomma cegyptium : 

Crithidia hyalommcBy 358 
Hcemogregarina mauritanica, 1105, 1109 
Hyalomma syriacumy Hcemogregarina mauri- 
I tanictty 1109 
j llydrUy Balantidium in, 1211 
; HydrachnUy Menzbiena hydrachnee in, 1 132 
! Hydrochoerus capybara : 

. ciliatesin, 1194 

I Cycloposthium illy 1211 

I Trypanosoma equinum, 573 

, Hyla arborea, Isospora in, 826 
Hypermastigida, 33, 268, 281, 682 
Hypermastigina, 278. 682 
Hypokis hypokis^ Balfour’s bodies in, 1263 
■ Hypotrichida, 1162, 1221 
j Hypsirhina chinensis, trypanosome of, 588 
Hyrax, ciliates of, 11C6 

Tchthyophthiriusy 1163, 1175, 1187 , Fig. 503 
Ichthyosporidium, 773 
Iclonyx zorilla, malarial parasite in, 974 
Idiochromatin, 61 
Iguana, malarial parasite in, 983 
Ikocystis, 771 
ImmanoplasmOy 1064 
Immunity, 138 
acquired, 144 

artificial production of, 146 
Babesia, 145, 146, 147 
bird malaria, 980 
by attenuated strains, 147 
cytolysis, 149 
development of, 141 
i effect of hibernation on, 140 

, ill kala azai and oriental sore, 425 
I in relajising fever, 1247 

I in trypanosome infections, 450 

leucocytes, 149 
mechanism of, 148 
natural, 138 

serological tests for species, 145. 149 
Theikria parva, 145, 147 
Trypanosoma evansi, 145 
Trypanosoma kwisi, 145, 146, 148, 194, 
467 

Trypanosoma melophagium, 505 
Trypanosoma rhodesienscy 54S 
, Imperforata, 168 

I Indian ink method for spirocha?tes, 1334 
Infection, recovery from, 141 
Insect flagellates . 

cultivation of, 1308 
inoculation of invertebrates, 395 
inoculation of vertebrates, 392 
Insectivora, trypanosomes of, 482 
IntoshellidsB, 1165 
i IntosheUinay 1165, Fig. 492 
I lodamcebay 160, 242 
I of animals, 247 

synonym of EndoHmaXy 243 


98 
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lodamoeha hutscMii, 243, Figs. 114, 117 
action of emetine, 254, 267 
cultivation, 247, 1297 
cysts, 244 

cysts stained with iodine, Plate II., 
p. 250 

free forms, 244 
glycogen in cysts, 125 
in pig, 247, Fig. 100 
infection of rats and monkeys, 247 
races, 244 
Sphcerita in, 662 
statistics, 250 
lodamoeha kueneniy 248 

pileonucleata, 243 

suisy 247, Fig. 115 

wenyoniy 243 

Iodine for demonstration of cysts, 1316, 
Plate II., p. 260 
Iodine cyst, 243 
lodophilic bodies, 29 
Iron hsematoxylin staining, 1323 
laidora tropica, Trypanoplasma in, 640 
Isogaraetes, 72 
Tsogamy, 23, 72, 89, 1143 
in Monocyatis magnay 73 
in Momocyatia roatrata, 14t 
laoapora, 806 

laoapora belUy 820, Fig. 350 
oocysts in E, coli, 262 
laoapora bigemma, 809, Figs. 342, 343, 344 

bigemina var. cania, 812 

bigemina var. call, 812 

bigemirui var. putoriiy 812 

camilleriiy 826 

canivecoliay 818 

catiy 815 

laoapora felia, 808, 814 , Figs. 342, 344, 345, 
347, 348 

laoapora hominia, 820, Figs. 342, 349 

hyloiy 826 

laveraniy 826 

lieberkuhniy 807, 826 , Figs. 353, 354 

mesnili, 826 

paaserum, 824 

ranee, 807, 826 

rara, 806 

laoapora rivolta, 808, 813 , Figs. 342, 345, 346, 
350 

specificity of, for dogs and cats, 140 
laoapora rivoltoey 815 

viverree, 814 

Isosporinse, 797, 806 
laotricha, 1175, 1191 , Fig. 604 
laaeJina intermediay 1176 
Ixodea : 

transmission of Anaplaama, 1056 
transmission of Babeaia bovie, 999 
Ixodea ricinua. Fig. 412 

Trypanoaoma melophagium in, 607 

Jackal, Babeaia gibaoni, 1020, 1021 
Jaculmi, Hepatozoon baljouri, 1086, 1093, 

Jamckielta, 676, Fig. 279 
Jarrina, 829 

paludoaa, 868, Fig. 369 


Java sparrow: 

Hcemoproteua in, 896 
trypanosome in, 577 
Jerboa : 

Orahamella in, 1058, Fig. 439 
Hepatozoon balfouri in, 1085, 1093 
Kloaaiella in, 1078 
Jericho boil, 437 
Jeenia annectena. Fig. 286 
Jolly bodies, 1063, 1065 
Julua marginatua, Nyctotherua of, 1198, 1200 
Jumping rat, malarial parasite in, 973 


l^ala azar, 400 

action of drugs, 423 
diagnosis, 404 

I distribution and types, 401 

experimental, in animals, 413 
experiments with insects, 418 
pathology, 401 

relation of human and canine, 413 
serological tests, 405 
transmission, 417 

Kangaroo, Pentatrichomonaa macropi (Tanabe, 
1926 — see references) 

Karyamoeba falcata, 209 
Karyarnoebina falcata, 184, 209, Fig. 98 
Karyogamy, 17, 71 
, Karyokinesis, 11 
I Karyolysidas 1081, 1095 
I Karyolyaua. 1095, 1104, 1109 
I division of karyosome, 60, 105 

I reducing division, 113 

• Karyolysus bicapaulatua, 1100 
Karyolyaua biretortua, 1100 
Karyolyaua gracilis. Fig. 459, Plate XIX., 

p. 1102 

Karyolyaua lacertarum, 1095, Fig. 457 
two types of schizont, 1109 
j Karyosome, 9, 56 
; division of, 105 

I Ked transm issi on of Trypanoaoma melophagium, 
I 602, Fig. 212 

Keratitis in trypanosome infections, 528 
Kestrel, Haemoproleua of, 897 
; Kinetonucleus, 64, 312 
Kinetoplast, 53, 115, 312 
j in Trypanosomidse, 329, Figs. 157, 158 

union with nucleus, 332 
I Kloaaia, 1073 

I dimidiata, 1070 

eberthi, 869 

helicina, 831, 1073» Fig, 446 

lieberkuhni, 807, 826 

octopiana, 869 

vitrina, 1074 

Kloaaiella, 1076 

cavioe, 1076 

cobayoe, 68, 1076, Fig. 449 

muria, 1078 

Klossiellidso, 1066, 1076 
Klossiinse, 1066, 1072 
Kofoidella, 1166, Fig. 492 
j Kofoidellidaj, 1166 
j Kolpoda cucullulua, ini 
' Koodoo, trypanosomes of, 511 
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Laboratory animals, 1310, 1314 
Lacerte, haBmogregariiies of, 1099 Ff ^ 

agiliSf Chilomastix in, 628 T>» F* 

muralis, Karyolystis lacertarum, 1095 

ocellata, leptomonas in, 441 

Lachmannella recMrvay 1170, Fig. 493 
Lacrymaria, 1163, 1175 
Lada wrzesniowskiif 1170, Fig. 493 
Ladidaj, 1170 

Lcalaps echidninus, Fig. 454 
Hepatozoon cricetiy 1112 
Hepatozoon rnvris^ 1087, 1112 
Lagopvs scoticusy Levcocyiozoon lovatiy 907 
Lagostomus maximusy Chilomastix rosenbuschiy 
628 

LambUuy 691, 701 

cunicnliy 709 

Lambornellay 1163 

stegomyioiy 1186 

LankesterellOy 878, 1104 
amaniay 1041 

mininay 828, 878, 1105, Fig. 380 

tritoniSy 1041 

Laiikestorellida*, 798, 876 
Lankestorellina', 799, 878 
Lankesterui culici^, 74, 1121, Fig. 465 
Latent body in 'frYpanosomidie, 332 
Laverania, 924, 934. 935 

raimrumy 1039 

reichcnou'iy 969 

Lavierellay 1213, Fig. 519 
L.E.A. medium, 1297 
Leech : 

amtcbjc in, 242 
Chilomastix in, 624, 628 
cilia te of, 1167 
Enlamaba of, 234 
La tikes ter ella minima , 880 
Orcheobius herpohdelloem, 1074 
relation to lish trypanosomes, 602. 605 
relation to tortoise trypanosomes, 585 
relation to Try^ta noplasm a, 644 
transmission of Ilcemogregarina nicoria\ 
1084 

transmission of Ilcemogregarina stepanoui, 
1084 

Trichomonas of, 669 
Trypanoplasma vaginalis, 640 
Trypanosoma inopinatum, 597 
Trypanosoma rotator ium, 590, 595 
LegereilOy 1068 

grassii, 1069 

parra, 1068, Fig. 444 

testicula, 1068 

Legerellida\ 1066, 1068 
Legeriay 869 
Legerinay 869 

Ltiognaihus laveraniy trypanosomes in, 482 
Leishman stain, 1318 
Leishmaniay 319, 396 

confusion with Lncephaliiozoony 756 
confusion with Microsporidiida, 748, 
753 

confusion with other organisms, 437 
cultivation of, 1299, 1303, 1304 
formation of flagellum, 122 
in animals, 438 


Leishman ia — continued : 

maintenance in laboratory animals, 1312 
method of division, Fig. 160 
Leishmania americana var. flagellaia, 425 

brasiliensisy 398, 425 

caprce, 399 

chamceleonis, 439, Figs. 1 94, 195 

dent ids y 442 

Leishmania donovaniy 397, 400, Plate IV., 
p. 406 

action of drugs, 423 

comparison with Leptomonas cttnocephaliy 
353 

cultivation, 409, Fig. 190 
culture from peripheral blood, 41 1 
development in bed bug, 417, 418 
experiments with insects, 418 
flagellate forms in tissues, 408, Fig. 189 
in peripheral blood, 404 
. infection of Euphorbias. 417 

I inoculation of plants, 390 

! methods of discovery, 404 

i mitosis in, 329 

’ morphology, 406 

I multinuclcate forms, 339 

1 multiplication, 408 

natural infection of animal ., 411 
pathology, 401 
relation to L. I ropica, 425 
resistance of aiumals, 141 
, section of intestine. Fig. 188 

i section of liver. Fig. 187 

I section of spleen. Fig. 186 

' susceptibility of animals, 413 

symptomatology, 400 
' transmission, 417 

Leishmania hemidaciyli, 441 

hennci, 439 

infantum, 397, 401 

myoxi, 442 

nihtica, 425 

peruviana, 425 

tarentolfe,4'3S, 1.303 

Leishmania tiopica, 397, 423, Plate IV., 
p. 406 

■ action of drugs on, 437 

cultivation, 429 
dagellate foim in tissues, 429 
' immunity, 144 

, in peripheral blood. 427 

I in section of oriental sore. Fig. 191 
I inoculation of Euphorbia segetahsy 433 

I inoculation of man. 431 

i inoculation of plants, 390 

j morphology, 428 

I pathology, 4£6 

I relation to L. douovani, 425 

stnictural variations, Fig. 192 
susceptibility of animals, 431 
BjTnptomatology, 426 
transmission, 433 

Leishmania tropica var. caninOy 430 
Lemur. 

Trypanosoma gambiense, 511 
trypanosome in, 484 
Lentosporay 727 

Liptodactylus ocellaivsy trypanosome of, 590 
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Leptoglossus memhranaceus : 
ooccidium in, 8P2 
leptomonas in, 370 
Leptoraonas, 31S 

Olossina morsitam, 342, 369 
in blood of vertebrates, 399 
in body cavity of aithropods, 370 
in salivary glands of arthropods, 370 
method ot division, Fig. 160 
of flea, cultivation of, J 299 
Leptornonas huUcMii, 34S 
Leptonwnas ctenocephali, 348, Fig. 164 

comparison with Leishmania donovanif 353 
culture of, 353, 1304 
development in bed bugs, 355 
in section of intestine. Figs. 163, 4^6 
inoculation of Euphorbia, 355, 384, 390 
inoculation of vertebrates, 354, 392 
resistance of cysts, 351 
Leptomonas culicis : 

inoculation of vertebrates, 394 
Leptonionas davidi^ 382 
Leptomonas fasciculaia : 
cultivation of, 1 304 
mitosis in, 329 
Leptomonas drosophilcc^ 378 

emphyti, 370 

henrici, 439 

Leptomonas 'jacuUm : 

inoculation of vertebrates, 393 
penetration of eggs, 360 
Leptomonas lafontt, 388 

Leptomonas lucUm, inoculation of vertebrates, 
394 

Leptomonas melopliagi, 502 

melo'phagia^ 502 

mesnilif 371 

miralnlis, 370 

naucoridis, 370 

pachylahroe, 348 

patellce, 348 

Leptomonas paitoni, inoculation of vertebrates, 
392 

Leptomonas pedieuli, inoculation of vertebrates, 
394 

Leptornonas palicis, 352, Fig. 165 
culture of, 354 

development in bed bug, 4 1 9 
Leptomonas pyrrhocoris^ 370 
inoculation to insects, 396 
Leptomonas rouhaudi, 377 
Leptomonas sarcophagcp, penetration of eggs, 361 
Leptomomis stratiomyice, inoculation ol verte- 
brates, 394 

Leptomonas sudanensis^ union of nucleus and 
kinetoplast, 332 
Leptospira, 1234, 1236, 1276 
cultivation of, 1299, 1332 
free-living forms, 1237 
simulated by blood -filaments, 1277, Fig. 
557 

Leptospira asthenoalgice, 1285 

1284 

—^hehdomadis, 1281 

Leptospira icterohamorrhagioe, 1277, Figs. 557, 
558, 559, 560 
cultivation, 1280 


I Leptospira icteroides, 1282 

interrogans, 1282 

I pyogenes, 1281, 1285 

I Leptospora acuta, Fig. 307 
I Leptotheca, 724 

I agilis. Fig. 304 

I in I or mis. Fig. 307 

j ohlmacheri, 732, Fig. 311 

! rancB, TS2 

j Leptotrypanosome, 381 

i Leptus akamushi, transmission of tsutsuga 
mushi disease, 1038 

Lepvs nigricollis, Hepatozoon leporis in, 1085, 

I nil 

I L.E.S. medium, 1296 
! Leucocytogregarina, 1086 

j ainndin(]e,\i)S)b 

j innoxia, lOSb 

' musculi, 10S6 

I Leucocylozoon, 883, 903 
j gamete formation, 85 

( Leucocylozoon a nat IS, 

! rtWAcm, 907 

; 1085, 1091 

j /rZ?.sl085 

' Jiinambuli, 1085 

' 1085 

lovaii, 907, Fig. 390 

muris, 1085 

Leucocylozoon neavei, 903, 906, Fig. 390, Plate 
VI., p. 382 

Leucocylozoon ralii, 1085 
Leucocylozoon ziemanni, 903, 907, 908, Figs. 
‘382, 390 

relation to spirochates, 1234. 1276 
Sohaudinn's views on, 904 
Levaditi s method of staining spirocha*tes, 
1334 

I Leydenia gemmipara, 170 
I Licnophora, 1224 
Life-history, 133 

I Limax marginatus, PfeifferineUa impudica, 
865 

Limnodrilus : 

, Haplosporid i um in, 7 74 

i Mrazekia caudata, 744 

I Linguatulid, transmission of hamiogregarines, 

I 1110 
Linin network, 9 

Linofjnathus stenopsis, liickettsia in, 1062 
Lion : 

Babesia in, 1028 
Girardia in. 710 
trypanosome of, 483, 511 
I Liponyssus arcuatus : 

Hepatozoon criceti in, 1093 
trypanosomes in, 48 1 
Liponyssus saurarum. Fig. 458 
B utrichomast ix in, 672 
Karyolysuslacertarum, 1097 
Schdlackia in, 878 
Lipotropha, 1 127, 1138 

macrospora, 1 132, Fig. 471 

microspora, 1132 

j Lithdbius, coccidia in, 861, 862, Fig, 370 
Lithobius for/icatus, Echinomera hispida in, 

' Fig. 481 
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Littorina : 

Balantidium 1211 
ciliatesin, 1 175 
Liver abscess : 

action of emetine. 257 
in dog, 227 
in frog, 232 
in man, 192 
in monkey, 225 
Lizard: 

Ghilomasiixin, 628 
Copromotias major ^ 283 
Eimeriaiiii 860 
Entamoeha of, 233 
Eutrichomastix in, 672, 674 
Eutrichoniasiix in blood, 271 
Ilccmogregarina gracilis, 1101 
Hcemoproteus in, 899 
liexamitain blood, 271 
I SOS pora in, 826 
Karyohjsus lacertarum in, 1095 
leptomonas in, 438 
malarial parasites of, 982 
oriental sore, 434 
Prowaztkella lacerlm in, 61 1 
Earcocystis in, 769 
Schellaclcia bolivari, 876 
Tnchontonati of, 669 
Loboae pscudopodia, 3 1 
Lobster: 

ciliate of, 1167 
Pora^pora in, 1135 
Selenococcidium in, 801 
Locke-et?g-serum medium, 1296 
Locomotion, methods of, 128 
Locomotor organs, 31 
Luschia coli, 211 

duho*icqi, 226 

histolytica, 184 

legcri, 226 

tHraqena. 184 

Lophomonas blattarum, 682, Fig, 286 
Loriea, 38, 268 
Louse : 

behaviour of Lcishmania donorarn in, 422 
behaviour of Leishmania tropica in, 435 
Hepatozoon gerbilli, 1093 
Ilepatozoou pitynnjsi, 1112 
relapsing fever. 1250 
Rickettsia in, 1060 

transmission of Trypanosoma leirisi, 474 
Lucertina, 807 
Lucilia argyricephala : 

cultivation of Herpetomonas muscarum,3Qi) 
Herpelomonas mirabilis, 372 
Lucilia ccesar, Herpetomonas muscnnim, 364 

cragqii, Herpetomonas mirabilis, 372 

latifrons, Herpetomonas incsnili, 371 

Lucilia serenisstma : 

Herpetomonas muscarnm, 365 
Rhynchoidomonas in, 374 
Lucilia sericata, Gystotrypanosoma in, 372 
Lumbriculus variegatus : 

Mesvilellasecans in, 1168 
Mrazekia stricta, 745 
Spirocystis nid ula in , 1 1 35 
Lumhricus, ciliate of, 1167, 1168 


I Lygceus militaris, coccidium in, 862 
j Lyqosoma, trypanosome of, 585 
I Lymphocystis macropodis. Ill 
' Lymphosporidiu7ntrutt(B,116 
j Lynchia, Hcemoproteus columboe, 896 
I Lynchia maura. Fig. 387 
I alimentary tract, Fig. 384 

I Hcemoproteus colmnbae, 892, Figs. 384, 

I 385, 386 

i salivary apparatus. Fig. 385 

Lynx ruff us, Giardia in. 710 
Lyperosia mmuta, transmission of Trypano- 
, 807na evanst, 568 

' Mabuia, malarial parasite in, 982, 983 
I trypanosomes in, 583 

' Bcemoqreqarina gracilis, 1101 

, Macacus : 
i amoebaj of, 225 

I Babesia cellii, 1021 

I malarial parasites of, 969 

spirocha'tes of, 1260 
, Trichomonas ol, 669 

Try pa nosoma v ickers tc , 4 8 3 
Macrogamete, 15, 72, 788 
Macrogametocyte, 785 
Macronuclens, 50, 60, 158 
Macropue bennetti, Eimena, 855 
Macrostoma caiiUeryi, 621 

mesrnli, 62 1 

Mai de Caderas, 572 
Malaria 

action of drugs in, 983 
action of quinine, 151 
acquired immunity, 143 
anopheles which (mrrv, 962 
cliart of temperature* and growth of para- 
site, Fig. 393 

natural immunit 3 % 141, 144 
relapses in, 144 
pathology of, 955 
symptoms of, 924 
Malarial parasites of man . 
animal reservoirs of, 954 
anopheles in which found, 964 
black spores, 923, Fig. 399 
cultivation of, 967, 1305 
cycle in mosquito, 917, 933, 940, 944 
doveloprneiit in mosquitoes. Plates VII* 
to XL, p. 916 
dillercntial diagnosis, 945 
doubtful species in man, 948 
factors inhuencing development in mos- 
quitoes, 958 

history of discovery in man, 909 
history of transmission by mosquitoes, 909 
inoculation to man and animals, 954 
life-cycle of, 911, Fig. 391 
method of flagellation, 918 
mixed infections, 944 
on surface of cells, 913 
parthenogenesis, 015, 932, 940, 944 
persistence of sporozoites in mosquitoes,. 
961 

Plasmodi u m falciparv m, 934 
Plasmodiu7n malarice, 942 
PIa^modiu7n vivax, 925 
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Malarial parasites of man — continued : 
quinine-fast, 151 
sexual cycle in blood, 916 
Sinton’s apparatus for cultivation, 
1307, Fig. 565 

sporozoites in tissues of mosquito, 922, 
Fig. 398 

survival in mosquitoas, 958 
tenue phase of, 951 
theory of unity of, 953 
Malignant jaundice of dogs, 1012 
MalpighieUa ref r ingens f 241, Fig. 112 
Man: 

Amiba buccalis, 221 
Amoeba coh\ 184, 211 
Amoeba dentalis, 221 
Amoeba ginqwdli't, 221 
Amoeba gruJberu 261 
Amoeba kartnlisi, 221 
Amoeba pulmonalisy 222 
Amoeba urogeniiahs, 193 
Balantidium coli, 1201 
Balantidium minutunu 1208 
Bartonella hacilhfonnis, 1059 
Bla'itocpsiis hominis, 253 
blood s pi roch ictes ot, 1244 
Bodo in, 607, 656 
Gaudamoeba sinensis^ 181 -, 208 
Ghilodon, 1178 
ChilomaHix mesn ih 715 
Ghlamydophrgs stercoi'ea, 1 70 
Oopromastix aragaoi, 309 
Copromastix proivazeki, 309 
Copromonas suhtili^, 283 
Coprozoic amoeba*, 257 
Councilmania Inffeuri, 211 , 219 
Craigia hominis, 294 
Graigia migrans, 294 
Dermacentroxenus rickettsi, 1062 
diagnosis of malarial parasites, 945 
Dientamoeba jragilis, 248 
Dimastigamoeba g ruber i, 177, 262 
Diplocercomonas sndanensis, 633 
Eimena clupearum, 851 
Eimeria qubleri, 839 
Kimeria oxyfipora, 851, 852 
Eimeria sardina\ 851 
Eimeria snijdersi, 851 
Eimeria stiedcc, 839 
Eimeria, wenyoni, 851 
Embadomonas intestinalis, 616, 714 
Endolimax intestinaiis, 238 
Endameha intestinimilgaris, 211 
Endolimax nana, 238 
Endolimax pha^ocytoide^, 238 
Entamoeba africana, 184, 200 
Entamoeba brasiliensis, 1 84, 21 1 
Entamoeba butschlii, 243 
Entamoeba coli, 210 
Entamoeba dis'par, 184, 204 
Entamoeba dysenterice, 184 
Entamoeba giwjivaJis, 221 
Entamoeba hartmanni, 1S4, 202, 211 
Entamoeba histolytica^ 184 
Entamoeba hominis, 210 
Entamoeba macrohyalina, 222, 224 
Entamoeba maxilUiris, 221 


Man — continued : 

Entamoeba minuta, 184, 199, 200 
Entamoeba minutissima, 184, 202 
Enta moeba mnris, 221 
Entamoeba nipponica, 184 
Entamoeba paradysenterica, 184, 209 
Entamoeba phagocytoides, 238, 241 
Entamoeba pulmonalis, 222 
Entarnaiha tenuis, 184, 202 
Entamoeba tetragena, 184, 200 
Entamoeba williamsi^ 21 1, 243 
Enteromonas bengalensis, 307 
Enteromonas hominis, 306 
Entoplasma, 1208 
Kntnchomastix, 672 
Oiardia iniestinalis, 701, 715 
H (nmocysiozoon braziliense, 273 
Hartmnnnella hyalina, 176 
Jleteromita uncinata, 300 
Heferomita zeylanica, 632 
intestinal spirochietcs, 1272, Fig. 556 
lodamoeba hutschlii, 243 
lodannfha pUeonucleata, 243 
lodanifjeba wenyoni^ 243 
Jsospora belli, 820 
Isospora hominis, 820 
Karyamoebina falcata, 184, 209 
Lcishmavia amencana vav. flagellata, 425 
Leishmania brasihensis, 425 
Leishmanin donovani, 400 
Leishmania nilotica, 425 
Leishmania peruvi,ana„ 425 
Leishmania tropica^ 423 
Leptospira hebdomad is in, 1281 
Leptospira icterohmmorrhagice, 1277 
Leptospira icleroides, 1282 
Leptospim interrogans in, 1282 
Leydema gem mi para, 1 70 
31 on ocercomonas, 30() 

Nyctotherus Jaha, 119S 
Oikomonas grannlata, 291 
oral spirochaetes, 1272, Fig. 555 
Paramoeba homint'^, 294 
Pararhizomastix hominis, 297 
Piroplasma hominis, 1062 
Plasmodium falctjHirwm, 934 
Plasmodium malarue, 942 
Plasmodium vivax, 925 
Pseudolimnx wen yon i, 243 
relapsing fever, spirochades of. 1244 
Rhinosporidium seeberi, 777 
Rickettsia, 1060 
Sappinia diploiden, 180 
Sarcosporidiain, 767, 768 
Scytomonas pnsdla, 283 
spirocha'tes of aliinentarj^ canal, 1272 
spirocha4es of gen ito-uri nary tract, 1 272 
spirochajtes of respiratory tract, 1272 
spiroehaetes of tissues, 1267 
Spiromonas angustata, 304 
sporozoon in spleen, 1117, Plate XX., 

p. 1116 

supposed hoemogregarincs of , 1 1 1 3, Fig. 462 
supposed B examitain, 688 
supposed Theileria in, 1038 
supposed Toxoplasma in, 1048 
Tetrachilomastix bengalensis, 629 
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Man — continued : ; 

Tetrachilomastix intestinalis, 629 
Toxobodo intestinalisy 304 
Trepomonafi agilis, 711 
Tricercomonas inteMinalift^ 634, 715 
, Trichomastix hominis, 306 

Trichomonas elongata, 656 1 

Trichomonas hominis, 648, 715 1 

trichomonas in blood, 272, 653 ! 

Trichomonas vaginalis^ 658 i 

Trypanopsis malignus^ 273 | 

Trypanosoma hrucei, 547 ’ 

Trypanosoma cruzi, 486 ' 

Trypanosoma gambitnse^ 524 1 

Trypanosoma rhodesienstf CAl ! 

Trypanosoma vivax, 664 > 

Uronerna cnudatum, ] 180 
Vahlkampfia whitmorei^ 179 
Mansonia, transmission of Trypanosoma brvcei, 
518 I 

Margaropus : i 

transmission of Anaplasma, 1055 j 

transmission of Jiabesia argenHna^ 1000 
transmission of Jiabesia higamina^ 995 1 

transmission of Jiabesia cahalli, 1008 ’ 

transmission of Theileria annulata, 1033 
transmission of Treponema theileri, 1258 
Margarop us a nn ulat us, Fig. 409 ! 

Marmoset, trypanosome ot, 483 
MastigamoRha, 160, 162, 267 
Masligamosba bovis, 267 
MastigeZla, 160, 162, 267 
J/a.s%twa,160,]62,267 i 

Mastigina hylce, 267, Fig. 73 
Mastigopliofa, 156, 159 I 

classilication, 268 j 

coprozoi(j. 270 i 

general organization, 268 | 

intestinal in blood, 271 | 

sub-classes and orders, 274 
Maturation process. 115 , 

Moupasella nova, 1 168, Fig. 493 
Maupaselliiia', 1 168 i 

Maurer’s dots, 937, 942 

Mayer’s acid ha’raalum. 1323 ' 

Mayer's ha'malum, 1322 
Mbori, 570 
Mealworm . 

grogarines in, 1 147. Fig. 463 
Ophryocystis mesniliin, fig. 467 
Mechanical transmission of trypanosomes, 513 
Meorcat, Uiardiam, 710 

Megaderma frons. Trypanosoma megadermee, 
479 

Megalospheric form of rolystomella, 1 64, Fig. 74 
MegastomOy 601 
Mciosis, 10, 15, 108 

diagram of. Fig. 4 | 

Meiotic division, 15 
Melanin, 883 

Meles taxuSy Trypanosoma pestanai, 483 i 

Melolontha vulgansy Metortamonas in, 678 
Melophagus ovinus. Fig. 212 

liiciceltsiamy 1062, Fig. 442 
spirochiete in, 1276 | 

transmission of j Try^ianosoma melo- i 

phagium^ 502 


Membranelle, 34 
Membranes of ciliates, 34 
of Trypanosomidae, 335 
Menzbieria, 1127, 1182 
Merocystisy 875 
Merogrejgariwiy 1128, 1138 
Merozoite, 66, 781, 784 
Mesnilellay 1168, Fig. 492 
Mesnilellina', 1168 
Metabolism, products of, 126 
Metadiniumy 1215, Fig. 521 
Metaphase, 12 

Methods of investigation, 1 291 
MicrdbahesiUy 989, 990 

divergensy 999 

Microgamete, 15, 72, 785 
Microgaraetocyte, 785 

Microlynchia fusilla, IJcemoproteus columbee, 
896 

Micronucleus, 50, 158, 874 
Micropyle, 49 
Microsoma mustelce. 1064 
Microspheric form of Polystomellay 164, Fig. 74 
Microsporidiida, 734 
of bedbug, 420, 752 
of blood -sucking Arthropoda, 748 
of Nematoda, 753 
structure of spore, 736 
subdivisions of, 737 
Microtus . 

Jiabe^siairiy 1025, 1026 
Giardiain, d)5, 708 
Leptospira hebdomadism, 1281 
Trichomonas muris in, 662 
Trypanosoma microti^ 476 
Microi'eliay Orithidia gerndiSy 357, 358 
Midas midas. Trypanosoma devei, 484 
Miescher’s tubes, 760 
Migratory nucleus, 77 
Miniopterm, malarial parasites in, 973 
Miniopttrns .sc/tred>trsii, trypanosome of, 479 
Misgurnus anguillicaudatusy trypanosome of, 
605 
Mite- 

Babesia I'espertilionismy 1023 
development of flcbmoproteus in, 897 
JJepatozoonbalJouriy 1093 
llepatozoon cncetiy 1093, 1112 
Hcjtalozoon mans, 1087, 1112 
Hepatozoon peruiciosumin, 1085 
Karyofysus lacertnrumy 1097 
transmission of Treponema anserinum, 
1264 

transmission of tsutsugamushi disease, 
1038 

Mitosis, 9, 1 1, 90 

diagram ot. Fig. 3 

ill Acanthocyslis aculeata, 92, Fig. 51 
in Actinosphccrium eichhorni, 94. Fig. 53 
in Monocysiis rostratOy 92, Fig. 52 
in Trypan osom id a>, 104, 327 
Mitraspora, 725, Fig. 307 
Mole: 

Babesia illy 1026 
CydosporaiDy 804 
KUeipsisoma thomsoni in, 975, 1050 
OraJmmella in, 1056, 1058, Fig. 439 
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Mole — continued : 

Toxoplasma in, 1042, 1047 
trypanosomes in, 482 
Mollusca : 

Oristispiram, 1239 
Cryptobia in, 637 
Klossiairiy 1073 
leptomonas in, 348 
Porospora in, 1 1 35 
spirochfletesin, 1276 
Trichomonas of, 669 
Monadidse, 268, 2S6, 288 
Monadien, 381 
Monas^ 298 

rotatoria, 688 

termo, 289 

vulgaris, 208 

Mongoose, Babesia herpestidis, 1025 
Monitor, Giardia in, 711 
Monitor trypanosome, 374 
Trypanosoma grayi, 582 
Monkey : 

Bahe<*iam, 1027 
Balantidium colL 1202 
blood spirocha^tes of, 1260 
Ohilomasiix in, 628 

cultivation of intestinal Protozoa, 1297 
Embadomonasin, 620 
Endolimax, 242 
Entammha of, 225 
Oiardia in, 710 
Grdhamella, 1059 
lodamoeha, 248 

malarial parasites of, Plate XV., p. 970 
plasm odia of, 968 
supposed hamogregarines of, 1113, 
Fig. 462 

Toxoplasma in, 1047 
Trichomonas of, 669 
Trypanosoma gamhiense, 538 
trypanosomes of, 483 
Monocercomonas, 677, 678 

bujonis, 308 

hominis, 648 

miiris, 660 

Monocnidea. 738 
Monoci/stis in vesicula seminalis of earthworm, ! 

1147, Fig. 484 

Monocystis agilis, 1117, Fig. 477 
Monocystia maqna. Fig. 477 
syngamy, 73 
Monocystis rostrata : 
mitosis, 92, Fig. 52 
reducing division, 108, Fig. 64 
Monocystis sp., nuclear division. Fig. 62 

sticdcB, 831 

Monomita muscarum, 364 
Monomorphism, 23 
Monomoi'phus, 691 

ranarum, 689 

Monophasic cycle, 380 
Monosiqa consociatum, Fig. 16 
Monozoic mastigophora, 281, 285 
Monozoic sporocyst, 782 
Monozoic Zoomastigina, 268 
Morphology, general, 1 8 
Morreira odorata, Phytomonas of, 383 


Mosquito: 

behaviour of Leishmjania tropica in, 436 
bird trypanosomes, 579, 580 
Caullerydla in, 1131 
ciliatesin, 1183 

! cycle of malarial parasite, 917, 933, 940^ 

1 944 

development of malarial parasites in. 

Plates VII. to XI., p. 916 
I dissection of, 1327 

factors influencing development of 

malarial parasites, 958 
gregarinein, 1121, 1149 
Hmmoproteus cotumbas in, 897 
history of malaria transmission by, 909 
Microsporidiida of, 748 
percentage infected with malarial para- 
I sites, 964 

I persistence of malarial sporozoites in, 

j Plistophora typicalis, 744 

I relation to kala azar, 422 

relation to oriental sore, 435 
' species which carry malaria, 962 

Spirochceta culicis in, 1239 
I spirochaDtes in, 1275 

transmission of bird malaria, 979 
Motella, Chilornastix motellau 628 
Trimitus motellce, 633 
I Trypanoplasma i n , 64 1 

i Mouse: 

, Babesia in, 

1 Bartonella muris, 1060 

I blood spirillum in, 1287 

Cryptococctis muris, 395 
Cryptosporidium in, 801 
Eimeria falcijormis, 848 
Encephalitozoon in, 755 
Entamoeba of, 228 
Oiardiain, 705, 708, Figs. 296, 297 
Graham ella, 1059, Fig. 439 
Jiepatozoon musculi, 1090 
Hexamila in, 686 
Klossiella muris, 1078 
Leptomonasin, 398 
Oikomona^ termo, 291 
Pneumocystis carinii in, 1080 
Sarcocystis of, 762 
Toxdbodo sangiorgi, 304 
Toxoplasma in, 1043, 1047 
Trichomonas in blood, 272 
Trichomonas muris, 660 
Trichomonas parva, 660 
Trypanosoma duttoni in, 475 
Trypanosoma lewisi in, 464 
Movement, 127 
Mpala, trypanosomes of, 51 1 
1 MrazeKa, 739, 744, Figs. 317, 318 
Mrazekiidae, 739 
, Mule: 

Babesiain, 1011 
Trypanosoma brueei, 542 
Trypanosoma emnsi, 666 
Multinuclcate forms, 50 
Multiple fission, 7 
! Multiplication, 62 
’ Mumps, spirochajtes in, 1275 
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Munia oryzivora : 

Hcemoprotem of, 896 
trypanosome of, 577 
Mns morio, Trypanosoma duttoni^ 475 
Mus musculus, Trypanosoma duttoniy 475 
Mus sylvaticus : 

Jiahesia in, 1025 
Trypanosoma grosi, 476 
Musca domestica, Herpetomonas muscarum, 364 
Musgrave and Clegg’s medium, 258, 1310 
Mmtela vulgaris, Eimeria in, 848 
Mycetozoa, 160, 163, 172 
Myocyte, 1118 
Myonemes, 44 

movement of, 128 

Myaprocta acouchy, Trypanosoma acouehii, 478 
Myotis, malarial parasites in, 973 
Trypanosoma nicolleorum, 479 
Myoxus avellanarim, Bahesia in, 1026 

glis, Leishmania 7)iyoxiin, 442 

mnrinus, malarial parasite in, 975 

nitela. Trypanosoma hlanchardi, 476 

Myriaspora, Hlb 
Myxidiidae, 726 
Myxidium, 726 

hergense, 721 

iuflatum. Fig. 307 

procerum. Fig. 307 

Myxobolidte, 727 
Myxoholus, 727 

carassii^ Fig. 307 

— ~ pf id fieri: T2H, Figs. 305, 306, 308 
Myxocystis, 746 
Myxoproteus, 725 

cornatus. Fig. 307 

Myxosoma, Til, Fig. 307 
Myxosomatida'. 727 
Myxosporidia, 724 
Myxosporidiida, 718, Fig. 304 

invasion of tissues. Figs. 305, 306 
subdivisions of, 724 
types of spore. Fig. 307 

Nccgleria, 178, 261 

ranarum, 242 

Nagana, 540, 543 

Nais serpentina, ciliatc of, 1167 

Naja : 

HiEtnoprote ns in, 900. 901. 902 
schizonts of liaimogregarines in, 1110 
trypanosome of, 585 
Nassula, 1 175 
Natural immunity, 138 

Naucoris maculatns, Leptomonas naucoridis, 370 

Nobeiikorper in Paramoeha, 260 

Neotomonada, 343 

Negri body, 756 

Nematocysta, 45 

Nematode 

Oiardia in, 709 
leptomonas in, 348 
Microsporidiida of, 753 
Neoactinomyxon , 760 
NeonipJiargus, ciliate in, 1172 
Neosporidia, 157, 780 
Neotoma fuscipes, 498 
Nepa cinerea, Leptomonas jaculum, 360 


I Nephelis vulgaris, Orcheobius herpobdellas in, 
1074 

Nesokia gigantea. Trypanosoma bandicotti, 478 
Nessel’s capsule, 45 
I Neuromotor system, 120 
Newt: 

. ciliatesin, 1170 
Entamoeba of, 233 
Hexarnastix in, 681 
Hexamitain, 689 
Mastigina hylce, 267 
Trichodina in, 1224 
Trichomonas of, 669 
trypanosome of, 599 
1195,Fig. 507 
Nicollia, 989, 990 

I quadrigemina, 1025, Fig. 426 

Nicoria trijuga, Hwmogregarina nicorice, 1084 
N.N.N. medium, 1300 
modifications of, 1303 
Noctiluca miliaris, 684 
Noguchi’s scrum medium, 1299, 1304 
Nomenclature, rules of, 1336 
Nosema, 738, 740 

adiei, 752 

anophelis, 751 

Nosema apis, 741 

polar filament, Fig. 30 
Nasema hombycis, 740, Figs. 312, 314 
structure of spore, 736 
Nosema ctenocephali, 752 

frenzilincb, 741 

mystacis, 753 

periplanetce, 774 

pulicis, 752 

stegomyice, 751 

Nosematidae, 738 
, Noteus, ciliate of, 1167 
Novy and MacNeal’s medium, 1300 
Nuclear division, classification of t 5 ’pes, 107 
Nucleana, 166 
NucleoluvS, 60 
Nuefeophaga, 253 
Nucleus • 

amitotic division of, 11 
definition, 49 
division, 90 
dual nature of, 61 

formation from ebromidia, 71, 1143 
' karyosome type. 57, 59 

' structure of, 8, 56 

I Numida ptylorhyncha, Leucccytozccu ncavei, 

; 906 

' N iimm ulites cu m mingi i. Fig. 8 1 
! Nutrition, 123 
Nutialha, 989. 990, 1009 

asini, 1011 

hauryi, 1026 

civettee, 1026 

deemnani, 1025 

equi, 1008, Fig. 416 

golundoB, 1026 

legeri, 1025 

micredi, 1025 

1 muris, 1025 

! myoxi, 1026 

Nyctens hispida. Trypanosoma hyhergi, 410 
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NyctotheruSf 1198 
Nyctotherus africantis, 1199 

cordiformisy 1199, Fig. 611 

fabay 1198, Fig. 510 

giganteumy 1198 

macropharyngeusy 1199 

niagnay 1199 

ovalisy 1200 

papillatusy 1200 

piscicoltty 1200 

termitiSy 1200 

vel0Xy\l9Hy 1200 

Nysiua euphorbicBy flagellate in, 386 

Ohelitty Balantidium illy 1211 
Ochlerotatus nemorosusy Thelohania in, 750 
Ochromonas granvJarisy karyosome, 56 

simplex y Fig. 123 

OctomastiXy 691 
OctomituSy 685 

dujardiniy 689 

hominisy 656, 688 

intestinalis, 686 

intestinalis trutice^ 691 

Octopus, Aggregata in, 869 
Octosporeay 739, 746 

OdocoUetbschiriquensiSyBahesiahigemina in, 996 
OikomonaSy 40, 289 

communisy 290 

granvlatay 291 

minimay 290 

Oikomonas termoy 289, 291, Fig. 135 
nuclear division, 119 

Olfersia capensisy Hcemoproteus columhcSy 896 
Oligosporogenea, 737 
Oligotrichida, 1162, 1211 
Olocrates ahhreviat'USy Adelina akiduniy 1072 
Olocrates gibhusy Stylorhynchus oblongatus in. 
Fig. 482 

Omophlm hremcolUsy Ophryocystis he^sei in. 
Fig. 468 

Oocyst, 134, 781 
Oocyte, 17 
Oogonia, 17 
Opalinuy 1153 

karyosome, 60 

Opalina ranarum, 1 153, 1154, Figs. 488, 489 
Opalinata, 159, 1153 
Opalinidae, 1153 
Opalininse, 1153 
Ophelia limacinay ciliate of, 1167 
Ophriocephalus ohscurwiy Hasmogregarina nili, 
1106 

OphryooyitiSy 1127, 1128 

caulleryiy Fig. 466 

hesseiy Fig. 468 

memiliy Fig. 467 

schneideriy Fig. 466 

Ophryoglena collini, 1186' 

OphryoscoleXy 1217, Fig. 521 
Orang-outang, malarial parasite in, 969 
Orcheobius herpobiellcBy 1074, Fig. 447 
OrcheHia agilisy Balantidium lUy 1211 
Orchitophrya stellarumy 1175, Fig. 494 
Orchitophryidae, 1175 
Oriai cannUy Eimeria eannUy 855 
Oribi, trypanosomes of, 511 


Oriental sore, 423 
distribution, 424 
inoculation of animals, 431 
inoculation of man, 431 
natural infection in dog, 430 
pathology, 427 
sections of. Fig. 191 
symptomatology, 426 
transmission, 438, 436 
treatment, 437 
OrnithodoruSy Fig. 543 

development of Trypanosoma crvziin, 494 
relation to kala azar, 422 
transmission of Treponema anserinumy 1264 
transmission of Treponema recurrenUsy 
1249 

transmission of Trypanosoma evansi, 569 
Oroya fever, 1059 
Ortfiosporay 829 

propritty 829 

Oryctes : 

Pdymastix iriy 680 
Betortamonas illy 678 
Oryx^ Babesia in, 1027 
Oscillaria malarxce^ 942 

Otospermophilm beccheyt, Trypaiwsoma oto- 
spermophili, 478 
Otter, trypanosome of, 483, 51 1 
Ovoplasma orientate^ 397 
Ovum, 15 
Owl: 

blood spirocha'te of, 1267 
Hcemoproteus of, 886 
Leucocytozoon of, 904 
malarial parasite of, 978 
Trichomonas oti (Tanabe, 1926 — see refer- 
ences) 

Ox: 

Achromaticiis mac/ieiy 1003 
Ancyroxnonas ruminanthimy 311 
Babesia bigermnuy 993 
Babesia bovisy 9i>8 
Babesia mutans, KK)! 

Balantidium in, 1210 

blood spirocha'tes of, 1257 

BTUschhaiwy 1189 

Galliwastix JrontaliSy 31 1 

Dasytneha ruminant luin in, 1191 

Eimeria zurnhy 842 

Entamoeba of, 231 

Eutrichomastrx, 674 

Giardia boviSy 710 

Globidium iviy 773 

GrahameUa, 1059, Fig. 439 

Isotrichaiiu 1191 

malarial parasite in, 975, 976 

Mastigamoeba boviSy 267 

Oikomonasy 200 

Piromonasy 290 

Piroplasma bubaliy 1003 

Piroplasma buffeliy 1003 

Plasmodium buhalis, Plate XVI., p. 974 

Rickettsia ruminant iuniy 1062 

Sarcocystis of, 768, Fig. 327 

Spheeromonasy 290 

supposed haemogregarines of, 1113, Fig, 
462 
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Ox — continued : 

Trichomonas ruminaniium^ 668 
Trypanosoma caprce, 664 
Trypanosoma cellii^ 566 
Trypanosoma congkense, 662 
Trypanosoma gamhiense, 638 
Trypanosoma ingens^ 507 
Trypanosoma montgomeryi, 556 
Trypanosoma somaliense, 566 
Trypanosoma theileri, 498 
Trypanosoma uniforms, 565 
Trypanosoma vivax, 560 
Oxygen, 123 

Oxytricha fallax, amicronucleate race of, 26 
Oxytricha hyrnenostomay amicronucleate race 
of, 25, 64 ‘ 

Ozobranchus shipleyi, transmission of Jlcemo^ 
gregarina nicorim, 1084 

Pachygrapsus marmoratus, Frenzdina con- 
for mis in, 741 
Pachylahra mmsta : 

Addea pachylahroe, 1069 
Leptomonas pachylahrce, 348 
Piecilol)della, relation to tortoise trypano- 
somes, 585 

Palmop^ylla gracilis, Trypanosoma talpas, 482 
Paludiua decisa, ciliate of, 1167 
Pandorina, 278 

Papio, malarial parasites of, 969 

sphinx. Balantidium coli, 1202 

Parabasal, 53, 115 

in Chilomastix, 120 
in Giardia, 120 
in Trichomonas, 120, Fig. 67 
in Trichomonas angusta, 116 
in Trypanosomidaj, 329 
Paracalanns parvus, ciliates in, 1172 
Paracoccidium, 829, 859 
Paradesmose, 117 
Paraglycogen, 29 
Paraisotncha , 1194 

hydrocho&ri. Fig. 506 

Paraisotrichopsis, 1 189, Fig. 504 
Para)mnia grassU, Fig. 12 
Para meciotdes costatus, 588 
Paramvcium, ,34, 45, 1163, 1175 
races, 25 

Sphairophrya in, 1228 
Paramecium aurelia : 

binary fission, 64, Fig. 37 
endomixis, 55, Fig. 34 
infiucnce of syngamy, 131 
reducing division, 114 
Paramecium caudatum : 

amicronucleate race of, 26 
conjugation, 79, Fig. 45 
inlluence of syngamy, 131 
structure. Fig. H) 
trichocysts. Fig. 29 
Paramecium coli, 1201 

costatum, 588 

loricatum, 688 

Paramecium putrinum, conjugation, 77, 
Fig. 43 

Paramosba, 160, 260 
choctognathi, Fig. 119 


Paramaeha eilhardi, 260 

hominis, 294 

pigmentifera. Fig. 1 1 9 

Paramoubidae, 160, 174, 260 
Paramylum, 29 

Paraplasma flavigenum, 1063, 1284 
Parapolytoma satura, 52, 278, Fig. 31 
Pararhizomastix hominis, 297 
Parasitism, 18, 30, 135 
Parthenogenesis, 86, 90 

malarial parasites, 916, 932, 940, 944 
Par us : 

llcemamoeha majoris, 908 
Leucocytozoon in, 908 

Passalus (beetle). Trichomonas passali (Tanabe, 
1926 — see references) 

PateUa. vulgaris, Leptomonas pateUas, 348 
Pathology . 

amcebiasis, 186 
balantidiosis, 1205 
blackhead, 293 
Chagas’ disease, 488 
flagellates in plants, 384 
Giardia infections, 703 
kala azar,401 
malarial infeertions. 955 
Myxosporidiida infections 719 
oriental sore, 427 
juroplasmosis, 996 
sleeping sickness, 526 
Tnehomona'i infections, 654 
Peacock, Euneria avium, 856 
Pedicnlus ; 

relapsing fever, 1250 
relation to kala azar, 422 
relation to oriental sore, 435 
Pedicnlus vestimentu Fig. 544 
Pedogamy, 86 , 90 
Pda my sardi, spirorha4e of, 1267 
Pelomyxa, 160, 182, Fig. 92 
Pentatoma, crithidiain, 370 
Pentatrkhomvnas, 654, Fig. 26 
ardiu ddteili, 656 

Pentatrichomouas macropi (Tanabe, 1926— see 
references) 

Perezelln pdagica, 1172, Fig. 494 
Pcrezellidie. 1172 
Perezia, 738 
Perforata. 169 

Peribalus limbolarius, leptomonas in, 370 

Periodicity, 144 

Peristome, 29 

Peritrichida, 1162, 1222 

l^eritrophie membrane, 378 

Perod, ictus, trypanosomes in, 485 

Peromyscus : 

Giardia in, 705 
Trypanosoma peromysci, 476 
Petalosioma minutum, Dobdlia binucleata in, 
1067 

I Petrodromus : 

' malarial parasite in, 973 
trypanosome in, 482 
Pfeifferellinje, 798 
' Pfeifferindla, 865, Fig. 374 
Pfeifferinellina», 865 
' Phacus, 277, Figs. 128, 134 
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PhagooytosiB, 149 
Phascolosomat Selenidium in, 1136 
Pheasant, Eimeria avium, 866 
Phlehotomus : 

Bodoin,QOH 

Leishmania donofvam infection from ex- 
perimentally infected hamsters, Cricz- 
tulu8 griseuft and C. triton (Young and 
Hertig, 1926a — see references) 
sand-fly fever, 1284 
Phlehotomus argentipes : 

development of Leishmania donovani, 417, 
422 

gregarinein, 1161 

Phlehotomus intermedins, oriental sore, 437 
Phlehotomus minvtus : 

Bodo phlehotomi in, 436, 608 
Rickettsiain, 1062 
Phld)otomus papatasi, Pig. 1S3 
Hepatazoonin, lOfiS 
Leishmania tropica, 433, 435 
oriental sore, 433 

Phlehotomus pernictosus, spiroehaetesin, 1276 
Phyllodactylvs elisce : 

Hcemogregarina procUri, 1110 
HoBmoproteus in, 899, 902 
PhyUognathus, Retoriarrtci.as in, 678 
PhyUomitus, 305, Fig. 144 
Phyllostoma perapicillatum , Trypanosoma phyl- 
lostomce, 

Physiology, 123 
Phytomastigina, 268, 274, 282 
Phytomonadida, 268, 277 
Phytomonadina, 278 
Phytomonas, 319, 382 

relation to oriental sore, 388 
Phytomonas hordesi, 389 
Phytomonas davidi, 384, Figs. 181, 182, 
184 

syngamy, 340 
Phytomonas elmassiani, 389 
Pian-bois, 424 

Piarectus hrachypomus. Balantidium in, 121 1 
Pig: 

Babesia in, 1008 

Balantidium coli, 1201, 1210, Figs. 513, 516 
Balantidium suis, 1210, Fig. 516 
blood spirochaetes of, 1259 
Gopromonas suhtilis, 283 
Eimeria dehliecki, 845, Fig. 364 
Entamoeba polecki, 229, Fig. 106 
lodamoeha svis, 247, Figs. 106, 115 
Sarcocystis of, 768, Fig. 326 
tissue spirochaetes of, 1272 
Trichomonas suis, 668 
Trypanosoma hrucei, 541, 542 
Trypanosoma evansi, 670 
Pigeon : 

Eimeria pfeifferi, 857 
Hoemoproteus columbee, 888 
Trichomonas in blood, 271 
Pigments, 30, 126, 883 
Pike: 

trypanoplatm of, 642 
trypanosome of, 599 
Pirhasmocyton, 1052 
Pircbodo intestinalis, 301 


Piromonas, 290 
Piroplasma, 988, 990 

annvlatum, 1003, 1034 

huhali, 1003 

hufjeli, 1003 

cahalli, 1008 

divergens, 999 

I donovani, 397 

1 equi, 1008 

i /tim, 1004, 1007 

. hominis, 1062 

hudsonius hovis, 1003 

kochi, 1029 

muris, 1025 

I mutans, 1001 

ninense, 1026 

ovis, 1004, 1007 

parvvm, 1029 

pithed, 1027 

trautmanni, 1008 

vitalii, i0\2 

Piroplasmata • 
budding, 67 
cultivation of, 1305 
Piroplasmidea, 779, 794, 796, 985 
subdivisions of, 988 
Piroplasmosis, immunity, 145 
pathology, 996, 1000, 1013 
symptomatology, 996, 1000, 1002, 1006^ 
^1007, 1009, 1013 

Pirosoma higeminum var. cams, 1012 
Piscicoln geometra. Fig. 245 

relation to lish trypanoseme s, 603 
Trypanoplasmain, 644 
Trypanosoma rotalorium, 595 
Pitymys savii, Giardia in, 708 
Hepatozoon in, 1111, 1112 
Placobdella, Fig. 452 

H mmoejrega rina stepa n oui, 1084 
Trypanosoma hrazdi in, 588 
Trypanosoma leptodactyli, 599 
Plcujiomonas, 678 
Plagiophrys, 171 
Plagiostoma, 1201 

Plaice, Ctratomyxa drejMnopsvttcn. 731 
Planmhis cornua, PJeifJerinvUa elhpsotdes, 865 
Plants : 

amtobac of, 181 
flagellates of, 382, 389 
inoculation with leishmania, 390 
relation to oriental sore, 434 
spirochatesin latex, 1276 
Plasmodia of man, 924 
Plasmodiidas 882, 908 
Plasmodium, 8 
Plasmodium, 924 

gamete formation, 85 
Plasmodium achromaticum, 1023 

aganm, 982, Plate XVII., p. 982 

hizuros, 978 

. bouiUiezi, 971 

1 hovis, 976 

! Plasmodium hrasilianum, 969, 972 , Plato XV., 
p. 970 

Plasmodium hrodeni, 973 

huhalis, 975, Plate XVI., p. 974 

camarense, 949, 950 
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Plasmodium canis, 976 

caprcBf 976 

cariniiy 983 

caucasicum, 963 

cephalophif 976, Plate XVI., p. 974 

cynomolgi, 969 

diploylossiy 983, Plate XVII., p. 982 

equiy 976 

Plasmodium falciparumy 934, Plate XIII., 
p. 934 

affinity for endothelial cells, 936, 968, Fig. 
401 

capsule of crescent, 940, Fig. 402 
culture, 967, Fig. 401 
cycle in man, 936 

cycle in mosquito, 940, Fig. 403, Plates 
VII. to XI., p. 916 
differential diagnosis, 945 
effect of quinine on gametocytes, 961 
factors influencing development in mos- 
quitoes, 958 
inoculation of man, 965 
pathology, 956, Fig. 406, Plate XIV., 
p. 956 

Plasmodium gonzaleziy 899, 902 

immaculatu m y 934 

inuiy 969, 971 , Plate XV., p. 970 

kochiy 971, Plate XV., p. 970 

mahuicPy 982, Plate XVII., p. 982 

Plasmodium malar im, 942, Plate XIII., p. 934 
cycle in man, 942 
cycle in mosquito, 944 
differential diagnosis, 945 
schizogony, 68 

Plasmodium melanipherum, 973 
mesniliy 9(X) 

Plasmodium minasensCy 67, 983 , 1025, Plate 
XVII., p. 982 

resemblance to Dactylosoma ratiarum, 1040 
Pla smodi um 950 

mnrinumy^Ti, Plate XVI., p. 974 

ovale y 949, Fig. 404 

passerisy 978 

pernicioHum, 951 

Plasmodium pitheciy 969, 972 , Plato XV., 
p. 970 

Plasmodium prcecox, 977, 978, Plate VI., p. 882 
effect of quinine on, 985 
immunity, 980 
in mosquitoes, 979, Fig. 407 
maintenance in laboratory, 1312 
susceptibility of birds, 981 
vaccination against, 147 
Plasmodium pteropiy 974, Plate XVI., p. 974 
raiuj(By^l^ 

reichenowiy 969, Plate XV., p. 970 

rigoletiy 975 

rouhaudiy 974 

roumeiy 899 

semnopitheciy 969, 972 

tenuey 951, 978, Fig. 405 

1 rapid uriy 982 

vassaliy 974, Plate XVI., p. 974 

vaughaniy 978 

Plasmodium vivax, Plate XII., p. 926 
cycle in man, 925 

cycle in mosquito, 933, Plate VIII., p. 916 


j Plasmodium vivaxy differential diagnosis, 945 
' effect of quinine on gametocytes, 961 

i factors influencing development in mosqui- 

toes, 968 

, gametocytes absent after inoculations, 

I 962 

inoculation of chimpanzee, 964, 969 
intensity of infection, 931 
nuclear division, 927, Fig. 400 
parthenogenesis, 88, 932 
schizogony, 68 
specitic for man, 1 36 

sporozoites entering blood-corpuscle. 
Fig. 392 

sporozoites in tissues of mosquito. Fig. 398 
tenue phase of, 951 
types of parasite in films, 930 
Plasmodium vivax var. mtnutay 949 

wasieltwskiiy 978 

Plasmodroma, 156, 159 

main subdivisions of, 159 
Plasmosoma jerichoensey 437 
Plastin, 56 
Platysporea, 726 
Pleuronemay 34, 1163, 1175, 1183 
Plistophora, 739, 744 

longifiliSy structure of spore, 736 

Plistophora macrosporuy structure of spore, 736, 
Fig. 313 

Plistophora simuliiy 744, 752 

stegomyioiy 744 

typicaliSy /44 

Pneumocystis cariniiy 492, 1079 , Fig. 450 
Polar body, 17 

Polar capsule. 45, 48, 717, 724, 736 
Polecat, Microsoma musteloiy 1064 
Polioeca dichotomay Fig. 18 
Polyasters. 106 

Polychromophilus melanipheruSy 973 

murinuSy 973 

PoIydorUy ciliate of, 1167 
Poljanastigina, 278 
Polymastix melolonthccy 681, Fig. 283 
Polymitus ma)ory 907 
Polymnia : 

ciliate in, 1172 
Caryotropha mesnili, 867 
Polymonadida, 268, 281, 714 
Polymorphism, 23 
I Polysporea, 722 
j Polysporocystid coccidia, 782 
I Polysporogenea, 737 
J PolystomeUa crispay 164, Fig. 74 
! PolytomOy 278 
' Polytoma uveUa : 
j origin of blepharoplast, 52 
syngamy, 73, 82, Fig. 42 
Polyzoic Mastigophora, 281, 714 
' Polj^oic sporocyst, 782 
1 Polyzoic Zoomastigina, 268 
i Poneramoeha histolyticay 184 
, Ponselle’s medium, 1305 
PontobdeUa muricatOy Fig. 246 

relation to fish trypanosomes, 603, 606 
Pontosphmra hceckelu Fig. 123 
PorocephaluSy transmission of hamiogregarines 
1110 
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PoTOsporay 1127, 1135 

gigantea, 1136, Fig. 473 

portunidarumt 1135, Fig. 472 

Portunus, Porospora in, 1135 
Posterior station, 344, 457 
Post-flagellates, 315, 344 
Practical section, 1291 
Precystic amoebse, 48, 189 
Pre- flagellates, 316, 344 
Prehensile organs, 31 
Premunition, 142 
Procavia, ciliates of, 1 1S6 
Proctamoeba salpa, 233 
Proleptomcmas, 297, Fig. 141 
Promitosis, 90 
Prophase, 12 

Prorodon, 42, 45, 1163, 1175 

teres. Figs. 24, 25 

Prorodonopsis, 1189, Fig. 504 
Proteosoma, 977 
Protetramitvs testvdinis, 310 
Protista, 4 

Protociliata, 158, 1153 
Protomerite, 1138, 1139 
Protomonadida, 268, 281, 285 
Protomonadina, 278 
Protomycetumrecvrrentis, 1244 
Protoopalina, 1153 

intestinalis, 1158, Figs. 4C0, 491 

Saturn alts, 1153 

Protoopalininae, 1163 
Protopnrya ovicoia, 1175, Fig. 494 
Protophryidae, 1175 
Protophyta, 4 

Protospirura muris, Thelohama reniformis, 753 
PrototapireUa, 1217 

clypeata, 1218 

cristata, 1218 

eXephantis, 1218 

intestinalis, Fig. 524 

Protozoa ; 

definition of Phylum, 156 
main subdivisions, 156 
maintenance in laboratory, 1310 
methods of investigation, 1291 
Protrichomonas anatts, 679, Fig. 2h2 

legeri, 679, Fig. 282 

Protula tuhularia, Seleuidium caulleryi in, 1136 
ProwazekeUa lacertce, 611, Figs. 262, 263, 254 
autogamy, 86 
cysts, 47, 49 
parabasals, 119 
ProwazekeUa longifilis, 615 
ProwazekellidsB, 268, 287, 611 
Prowazekia, 607 

asiatica, 608 

cruzi, 607, 608 

italica, 608 

javanensis, 608 

nines koM-yakimoni, 608 

urinaria, 608 

weinhergi, 608 

Pseudoklossia, 876 
Pseudolimax, 243 
Paeuddimax wenyoni, 243 
Pseudonavicellas 48, 1117, 1144 
Pseudopodia, 31, 127 


Pseudovermiculi sanguinis, 907 
Psorosperm, 48 
Psorospermi dei poUi, 866 
Psorospermium avium, 824, 866 
Psylodactylua cavdicinctus, trypanosome of, 
685 

Pterocephalus nohilis, 74, 1141 
Ptcromys vdans. Trypanosoma denysi, 482 
Pteroptus vespertilionis, Babesia vespertilicnis 
in, 1023 

Pteropus, malarial parasite in, 974 
trypanosome of, 479 
Ptychoptera contaminata : 

Onrleya francottei, 741 
spirochaetoin, 1276 
Puku, trypanosome of, 511 
Pulejx hrasiliensis. Trypanosoma leuisi, 469 
Pulex cleopatrce, possible host of liepatozoon 
balfouri, 1093, 1113 
Pulex irritans : 

relation to kala azar, 420 
Trypanosoma lewisi, 473 
Putorius putorius, Microstma mustda\ 1C64 
Pycnosoma megalccephalum, Herpetemonas 
mirahilis, 372 

Pycnosoma puioriiim, flagellates in, 370, 371, 
372 

Pycnothrix, 1116, Fig. 508 
Pygolimax gregarimjoi 7nis, 242 
Pyrenoids, 30, 123 
Pyrosoma higemtnum, 987 
Pyrrhccoris apUra, Leptomo7\as pyrrhccoi is, 
370 

Quinine : 

action of, 151 

action on malarial paiasites^OSS 
effect on culture of malarial parasites, 1.68, 
985 

effect on gametocytes in malaria. 961 
effect on Plasmodtufti inui, 972, 985 
effect on Plasmodium kochi, 971, 985 

Rabies, supposed Microsporidiida in, 754 
Rabbit: 

blood spiroch a'tes of, 1 260 
Chilomastix cunicult, 628 
Eimeriain, 830 
Eimerta perforans, 839 
Eimeria stiedoe, 833 

Embadomonas cuniculi (Collier and Boeck, 

1 926 — see references ) 

Encephalitozoon cuniculi, 755 
Enteromonas intestinalis, 307 
Giardia in, 705, 709 
Piromonas rossica, 291 
Pneumocystis cariniiin, 1080 
Sarcocystisin, 768 
syphilis, 1267, 1269 
Toxoplasmain, 1042, 1047 
Treponema cuniculi, 1269 
Trichomastix cuniculi (Tanabe, 1926~*>8ee 
references) 

Trypanosoma gigas, 478 
Trypanosoma lewisiin, 464 
Tfypanosoma nahiasi, 478 
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Races, 25 

Eniamoeha coli, 217 
Entamoeba hiatolytica, 25, 202 
Ghilodon uncinatus, 1177 
lodamoeha hutschlii, 244 
Radiolaria, 41 , 160, 166 
Rainey’s corpuscles, 760 
Rana tvjrina^ trypanosome of, 596 
liangelia, 989, 991 
Rangdm vitalii, 1022, Fig. 424 
Rat. 

Babesia in, 1025 
Bartonella muris, 1060 
blood spirillum in, 1 287 
blood spirocha*te of, 1260 
Chilomastix bettencourti^ 627 
Oopromastlx prou'azeki^ 309 
Eimeria nieschulzi^ 850 
Ernhado monos in, 616 
Endolimajc^ 242 
Entamwha of, 228 
Oiardiain, 705, 708 
Orahamella, 1058, Fig. 439 
Hepatozoon muris in, 1085, 1086, 

Fig. 453 

Hepatozoon perniciosum in, 1085 
HexamUa in, 686 

Leptospira icterohoemorrhagice, 1277 
Pneumocystis carinu in, 1079 
T 0 X 0 plas main, 1043, 1047 
Trichomonas in liver and spleen, 272 
Trichomonas miiris, 660 
Trypanosoma lewisi in, 463 
Rat-bite fever, 1285 
Rail us concha : 

Chilomastix muris, 627 
Ota rdia in t 708 
spiroclueta of, 1260 
Trypanosoma eburnecnsie, 479 
Ratufa, malarial parasite in, 974 
Ray, trypanosome of, 599 
Red-water fever, 996, 1006 
Reducing division, 15 
A ctinoplu ys sol. 1 1 3 
Aggregata eberthi, 109, Fig. 66 
Chilodon uncinatus^ 115 
CoUinia branchiarnm, 114 
diagram of, Fig. 4 
Didinium nasutum.il-i 
Jhplocystis schneideri, 108, Fig. 65 
KaryolysuSf 113 

Monocystis rostraia, 108, Fig. 64 
Paramecium aurelia^ 1 14 
Reduviid bugs : 

cannibalistic habits of, 495 
Tryixinosoma cruzi in, 494 
Reed buck, trypanosomes of, 507, 511 
References: 

Protozoa, 1415 
spirochtetes, 1503 
Regeneration of lost parts, 129 
Reindeer, Babesia in, 1027 
Reiuvenescence, 132 
Relapses, 144 
Relapsing fever, 1244 
action of drugs, 1257 
bed bug, 1251 


I Relapsing fever — continued : 

1 Ornithodorus moubata, 1249 

: PediculuSf 1250 

' Reptiles : 

^ hsemogregarincs of, 1104, 1109 

j trypanosomes of, 581, 585 

I Reservoirs of pathogenic trypanosomes of 

I A ft*! on 

I Residual body, 8, 67, 84, 126, 784 
! Retartamonas, 308, 677, Fig. 281 
Rhadmea merrimii, trypanosome of, 588 
Rhinoceros. 

BozaseUa rhinocerotis in, 1216 
Lavierella africana in, 1213 
PrototapireUa in, 1218 
Tricaudaliabrumptiin, 1219 
Rhinocoris aibopUosus, Crithidia vacnclatOy 
498 

Rhinolophus hipposideros, Eimeria in, £48 
Rhinosporidium, 776 
Rhinosporidium equiy 778 

kinealyiy 777 

seeberiy Illy Figs. 335, 336 

Rhipicephalvs : 

Hepatozoon canis iHy 1085, 1091, 1112 
transmission of Anapla&7nay 1056 
transmission of Babesia higimiria, 916 
' transmission of Babesia camSy 1018 
I transmission of Babesia eqvty 1010 
, transmission of Babesia gibson i, 1021 

I transmission of Babesia motasty 1006 

} transmission of Babesia fnutanSy 1002 

' transmission of Theileria parvOy 1032 

j transmission of Treponema theileriy 1258 

' transmission of Trypanosoma eruziy 495 

. Rhipice phalus evertsiy Fig. 429 

sanguineusy Fig. 420 

Rhizocaryinw, 1167, Fig. 492 
I Rhizomakigida?, 160, 174, 266 
' RhizomastiXy 296, Fig. 140 
' Rhizoplast, 32 
I in Trypanosomidse, 324 

Rhizopoda, 156, 159 
classification, 160 
Rhodnius prolix us : 

' Herpetomonas rangeliy 498 

{ Trypanosoma eruziy 

I RhynchoidomonaSy 364, 374 

structure of, 325, Fig. 155 
I Rhynchoidomonas siphuncultncey 375, Fig. 174 
Rhynchomonasy 610 
I Rhynchomonas nasutOy 611, Fig. 251 
' Rickettsia, 1060, Figs. 441, 442 
1 Roan: 

blood spirochaete of, 1259 
■ trypanosomes of, 511 

j Rocky Mountain fever, 1060 
Rosette of Plasmodium malaricBy 943 
. 989, 990 

I rossiy 1021, Fig. 423 

Rotalia freyeriy Fig. 72 
* Rotifer, ciliate of, 1167 

j 

; Sable, trypanosome of, 511 
i Sagittay Trypanoplaama in, 642 
Salamander: 

, Chilomastix in, 628 
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Salamander — continued : 

Einwria salamandrcB, 859 
Trichomonas of, 669 
Salivary glands: 

HcBmoproteus in, 894 
leptomonas and crithidia in, 370 
malarial parasites in, 923 
Nosema in, 752 
trypanosomes in, 515 
Sdlmo fario, trypanosome of, 599 
Salvarsan; 

Spirillum minus, 1288 
Treponema pallidum, 1269 
Treponema recurreniis, 1257 
trypanosome infections, 461 
Salvdinus foniinalis. Balantidium in, 1211 
Sand fly, Fig. 193 

Bodo phlebotomi in, 436 
gregarine in, 1151 

infected with Leishmania donovani from 
experimentally infected hamsters, 
Cricetulus griseus and C. triton (Young 
and Hortig, 1926a — see references) 
leptomonas in, 435 
oriental sore, 433, 435 
relation to kala azar, 422 
spirochsetes in, 1276 
Sand-fly fever, 1284 
Sappinia, 160, 180 
Sappinia diploidea, 180, Fig. 91 
gonomery, 82, Fig. 47 
Sappinia pedata, 180 
Saprophytes, 124 
Sarcocystin, 766 
Sarcocystis, 760 

recorded species of, 768 
Sarcocystis besnoiti, 769 

hominis, 768 

lindemanni. Fig. 330 

macropodis, 771 

miescheriana, 768 

mucosce, 769 

muris, Fig. 328 

tenella, Fig. 329 

Sarcocyte, 1118 
Sarcodina, 160 

Sarcophaga sarracenia', Herpeto7nonaslineala,^72 
Sarcosporidia, 157, 700 
Scaurus tristis : 

Ophryocystis caulleryi in. Fig. 466 
Stylorhynchus longicollis in. Fig. 482 
Schaudinnella henleoe, 1141 
Schaudinn’s — 
fixative, 1321 

views on Hcemoproteus, 886 
views on Leucocytozoon, 904 
views on parthenogenesis, 932 
views on spirochsetes, 1233 
views on trypanosomes, 577 
Schedoacercomonas, 677, 678 

muscas domesticce, 364 

ScheUackia, 876, 1104, 1109 

holivari, 876, 1103, Fig. 379 

Schellackiinse, 798, 876, 

Schizocyslis, 1127, 1128 

gregttrinoides, 1128, Fig. 469 

legeri, 1130 


Schizogony, 8, 65, 785 
Schizogregarinida, 1118, 1126 
Schizont, 66, 785 
Schizotrypanum cruzi, 486 

pipistrelli, 480, Fig. 202 

Schiiffner’s dots, 926, 942 
SchultzelUna mucronata, 1170, Fig. 493 
Scincus officinalis, Adelina in, 1072 
Sciurus, malarial parasite in, 974 

palmarum. Trypanosoma indicum, 478 

Scolopendra, Adelina dimidiata in, 1070 
1 Scomber scomber, Hcematraotidmm scombri, 
! 1064, 1108 

I Scyllium canicula, Immanoplasma in, 1064 
I Scytomonas pusilla, 283 
I Sections, preparation of, 1325, 1334 
Sdenidium, 1127, 1136 

! caulleryi, 1136, Fig. 475 

I echinatum, 1136, Fig. 476 

SelenococcidiidsD, 796, 801 
I Sdenococcidium intermedium, 801, Fig. 339 
! Selenomastix ruminantium, 312 
I Selenomonas palpitans, 31 1 

ruminantium. Fig. 149 

Selysina, 875 

Sepedon hcemockolis, Hce^nojtroieus in, 9(X), 
902 

Sepia, Aggre^ata in, 869 
Serology; 

agglutination of trypanoplasms, 317 
agglutination of trypanosomes, 317 
Aftaplasma, 1053 
Babesia argeiithia, 146, 999 
Babesia berbera, 1001 
Babesia bigemina, 142, 999 
Babesia bovis, 145, 999 
Babesia cabatli, 146, lfX)9 
Babesia canis, 146, 1017 
Babesia equi, 1009 
Babesia mutans, 142 
differentiation of Leishnania, 399 
differentiation of species, 149 
Entamoeba histolytica, 143 
Hejmtozoon muris, 143 
immunity in Protozoal inf ctd ions, 138 
Isospora rivolta, 140 
Leishmania donovani, 141, 405 
Leptospira icterohemorrJiagioc, 1250 
Leptosjrira interrogans, 1282 
malaria, 141 

Plastnodium prcecox, 147, 980 
resistant strains, 150 
Theileria parva, 145 
Treponema pallidum, 1269 
Treponema recurrentis, 1247 
Trypanosoma blanchardi, 140 
Trypanosoma brucei, 139, 469, 550 
Trypanosoma congolense, 140 
Trypanosoma eguiperdum, 461 
Trypanosoma gambiense, 138, 660 
Trypanosoma lewisi, 138, 467 
Trypanosoma mehphagium, 142, 605 
Trypanosoma rhodesiense, 139, 459, 650 
Trypanosoma rotatoriumf 142 
Trypanosoma vivax, 462 
trypanosome infections, 451, 469 
Wassermann reaction, 453, 1248, 1269 
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Serum media, 1299, 1304 
Serum* resistant strains, 150 
Serumaporidium, 114: 

Serval, trypanosome of, 511 
Seven-day fever, 1281 
Sexual generation, 134 
Shape of body, 19 
Sheep : 

Anaplaamairit 1056, 105(5 
Babesia motasi, 1(X)6 
Babesia ovis, 100(5 
Babesia sergenii, 1007 
Balantidium in, 1210 
blood spirochaetes of, 1 269 
Dasytricha ruminantium in, 1191 
Bimeria favreif 843 
Eimeria intricatay 843 
Entamoiba of, 231 
Globidium in, 771, 773 
Isotricha in, 1191 
Ophryoscolex in, 1217 
Pneumoeystift carmii in, 1080 
Bichettsia ruminantium, 1062 
Sarcocystis of, 763, 768 
Theihria in, 1036 
Treponema in, 1259 
Trichomonas of, 668 
Tryjuinoaoma hrucei, 542 
Trypanosoma caprw, 564 
Trypanosoma cellii, 556 
Trypanosoma cojigolense, 552 
Trypanosoma gambiense, 539 
Trypanosoma melophagium, 502 
Trypanosoma somaliense, 556 
Trypanosoma uniforme, 565 
Trypanosoma vicar, 5(50 
Shells, 41 
Shrew : 

Orahamella, 1058, Fig. 439 
malarial parasite in, 974 
Trypatiosotna crocidura-, 479 
Silkworm, Nosenui bombycis, 740 
SinmUum : 

Microsporidiida in, 751 
Plistophora simuUi, 744, 752 
Serumsporidium melusina', 775 
spirochaite in, 1276 
Thelohania varians in, 742, 751 
iSimwlinea, 726, Fig. 307 
Siphonophora, Trypanophis grobbeni, (540 
Siphunculina funicola, Rhynchoidornonas in, 
376, Fig. 174 
Sitatunga : 

Trypanosoma gambiense, 538, 549 
trypanosomes of, 51 1 
Size of body, 19 
Skeletal structures, 41, 126 
Slavinia apjyendiculafa, Adelea octospora in, 
1070 

Sleeping sickness ; 

cerebro-spinal fluid in, 527 
pathology of, 526 
section of brain. Fig. 221 
symptomatology, 526 
treatment, 459 

Trypanosoma gambiense in, 624 
Trypanosoma rhodesiense, 547 

II. 


Sloth ; 

Babesia in, 1026 
Endotrypanum sohaudinni, 486 
Smithia, 989, 990 

I microti, 1026 

’ talpce, 1026 

1 Snail, Klossia helicina in, 1073 
Snake : 

, blood spirochaetes of, 1267 
Caryospora simplex, 866 
Cingula boodontis, 1064 
Cryptosporidium in, 803 
Cyclospora in, 806 
Eimeria in, 860 
Entamoeba of, 233 
Eutrichomastix, 674 
Hcemoproteus in, 899 
Hexamifa in, 689 
Jsospora in, 826 

i achizonts of haemogregarines in, 1110 
Toxoplasma in, 1043, 1048 
Trichomonas in blood, 271 
Trichomjonas of, 669 
trypanosomes of, 585, 588 
Snipe, blood spirocha‘te of, 1267 
Eimeria in, 858 
Sodoku, 1285 

Solea vulgaris, Uwmogregariyui simondi, 1106 
Eorex vagrans. Trypanosoma soricis, 482 
Spathidium spathuJa, endomixis and syngamy, 
56, 132 
Specifleity : 

of parasitesifor hosts, 136, 138 
tests, 140 
Spermatid. 16 
Spermatogonia, 15 
Spermatozoon, 15 
Spermooyte, 16 

Spermophilus, Trypanosoma spermophiii, 478 
Sjihoeraciinom yxon, 757, Fig. 324 
Sphcerita, 253, 662, Fig. Ill 
Sphcerofnonas^ 290 

rossica, 291 

Spkceromyxa, 121, Fig. 307 

sahrazesi, 730, Fig. 309 

iSphoerophrya magna, 1229, Fig. 15 

pusilla, 1228, Fig. 534 

steyitoris, 1229 

Spharospora, 726, Fig. 304 
Spha?rospf)rea, 725 
Sphaerosporida*, 726 
Bphcerum corneum, ciliate in, 117() 

Spheres in Trypanosoma lewisi, 68, 471, Figs. 
199,200 

Spilopsyllus cuniculi, Trypanosoma tiodnasi, 478 
Spindle : 

fertilization 84, 788 
intranuclear, 95, 107 
meiosis, 15 
mitosis, 12 

tSpirella regaudi, 1236 
Spireme, 12 

Spirigera, 1160, 1162, 1197 
Spirulonema, 738, 747, Fig. 318 
Spirillum, 1285 

minor, 1287 

minus, 1287, Fig. 662 

99 
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Spirillum tkeileri, 1258 
SpirochcBta, 1234, 1238 

diagram of structure of, Figs. 537, 539 
SpirochoBta abori^inalis, 1271 

abyssin, 1249 

anatis, 1621 

anserina, 1261 

biliohoeraoglobinurioii 1285 

bovis cajfriSf 1258 

bromhialiSf 1273 

bruceif ]259 

canina, 1260 

crociduroe, 1260 

ctenocephalif 1276 

culicis, 1239, 1275 

drosophilce, 1276 

equi, 1258 

Spirochceta eurygyrata, 1273, 1288 
culture of, 1275 
Spirochceta evansi^ 566 

febrilis, 1285 

gadi, 1267 

gallinarum, 1621 

gallinarum var. It^rediiariat 1261 

glossincp, 1275 

gondii^ 1260 

granulosa penetrans , 1261 

grassiif 1276 

hartmannif 1276 

hebchmadiSf 1281 

icterogeneSf 1277 

icterohccmoglobinurioif 1285 

icterohaernorrhagioi, 1277 

interrogans, 1281 

intestinalis, 1273 

japonica, 1285 

jonesii, 1267 

laverani, 1287 

lymphaiica, 1272 

macaci, 1260 

mehphagi, 1276 

minei, 1276 

morsus muris, 1285 

muris, 1287 

n^veuxi, 1261 

nicollei, 1261 

nodosa, 1277 

noslleri, 1276 

obermeieri, 1244 

ovina, 1259 

pallidula, 1269 

pelamidis, 1267 

persica, 1250 

pertenuis, 1269 

petU, 1287 

phlebotomi, 1276 

pithed, 1260 

plicatilis, 1234, 1238 , Figs. 538, 539 

psevdo-icterogenes, 1237 

pusiUa, 1276 

raillieii, 1260 

refringens, 1239, 1242 

regaudi, 1236 

schaudinni, 1270, Fig. 554 

stenogryata, 1273 

suis, 1259, 1272 

termitis, 1276 


I Spirochceta tropidonoti, 1267 

ureihrce, 1273 

I vaginalis, 1273 

vespertilionis, 1260 

! vincenti, 1271 

Spirochsetacea, 1233 
Spirochaetos, 1233 
; cultivation of, 1331 

free-living forms, 1 237 
genera ot, 1237 

, maintenance in laboratory, 1332 

! method of investigation of, 1331 

of mouth, 1272, Fig. 555 
parasitic forms, 1239 
Protozoal nature of, 1233 
staining methods, 1333, 1334 
Spirochsetoidea, 1233 
Spirochona, 1224 
Spirocystis, 1127, 11.35, Fig. 474 
' Sptrodinium, 1216, Fig. 522 
Spiroloculina, Fig. 72 
' Spiromonas, 302 
I Spiromonas angusia, 302. Fig. 143 
syngamy, 73 

Spiromma^ 739, 747, 1235 
I ISpironemacea, 1233 
I Spirostamum, 61, 1197, Fig. 509 
^ Spirolrichonymjdta Jlagellata, Fig. 286 
, SpiruUna, 1233, Figs. 536, 537 
Sporoblasts, 68, 781, 789 

primary and secondary, 1119 
Sporooyst, 48, 68, 69, 134, 782, 789 
ot gregarmes, 1119 
Sporocystid coccidia, 782 
•Sporogony, 67, 134, 789 
Sporokinete, 1098 
Sporont, 67, 134 
Sporozoa, 157, 159, 779 
S'porozoa }uruncuhsa, 397 
Sporozoite, 67, 781, 789 

Sporozoon in human spleen, Plate XX., 

p. 1116 

Sq^uirrel: 

Eimeria in, 848 
Hepatozooji funambuli in, 1085 
malarial parasite in, 974 
Plasmodium vassali, Plate XVJ., p. 497 
Toxoplasma in, 1047 
Trypartosoma indicum, 478 
Staining : 

intravitam, 1293 
methods of, 1318, 1322, 1333 
Star tish, ciliates in, 1175 
Starch granules, 29 
Status of Protozoa, 152 
Staurotypus triporcatus, Heemoproieus in, 899 
Stegomyia fasciola (see Aedes argenieus). Fig. 

561 

development of limrmproteus in, 897 
development of Leishmania tropica in, 435 
I Lankesteria culicis, 1121 

Nosema stegomyice, 751 
! Plistophora typicjilis, 744 

! spiroehfiotes in, 1276 

yellow fever, 1283 

I Stegomyia sctdellaris, ciliato in, 1186 
' sugens, relation to kala azar, 422 
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Steinbock, Trypanosoma bruceit 511 
Steinella uncinatay 1170, Fig. 493 
Steinina rotundatay 1151, Figs. 486, 487 
Stempelliay 739, 743 

Stenocephalua agilisy vector of Phytomonasy 383, 
386, Fig. 183 
Stent or : 

attachment of, 41 
macronuclous, 61 
Stentor cceruleusy Fig. 22 

rmeliy Spharophrya stentor is in, 1229 

Siephanonympha silvesiriniy Fig. 302 
Sternothmrus adansonii, haemogregarine of, 
1084, 1105 

Sternothenrus derbiunuSy trypanosome of, 588 
Stibacetin in kala azar, 423 
Stibamino glucoside in kala azar, 423 
Stickleback : 

Oltujea anomaloy 740 
Plistophora typicality 744 
Stimuli, reaction to, 121) 

Stomata, 1161 
Stomatea, 1163, 1175 
Stoinatoda, 1161 
St onto rys : 

behaviour of heishm'tnia tropica in, 436 
trausmisHion of Trypanosoma erantiy 568 
trypanosomes transmitted by, 518 
Sfylonyrhia : 

endomixiH, 56 
races, 25 

Sfylonyrhia mytilns, 1221, Fig. 9 

pustulatuy influence of syngarny, 131 

Sfylorhynchus lomjicollisy 74, *1 1 17, 1 143, Fig. 482 

oblongatusy 1143, Fig. 482 

Surrineay Klossia helicina in, 1073, 1074 
Sucking disc, 41, 1164 
Sucking tentacles, 36. 1225 
Suctoria, 36, 159. 1225, Fig. 15 

budding, 70, 1227, Figs. 40, 532 
nutrition, 124, 1225 
Superimposed infections, 136, 142 
Supporting structures, 41 
t^uricata tetradactijhty (hatdia in, 710 
Surra, 566 
Symbiosis, 135 

Synactimymyxon y 757, Fig. 324 
Synchytrium miescheriauumy 768 
Syncrypta volvoXy Fig. 123 
Syndesis, 16 
Syngamy, 8, 71 

Actinomyxidiida, 759 
Actinophrys sol, 88, Fig. 50 
Actinosphivrum eichhorniy 86, Fig. 49 
Addea orata, 792 
Adelina dimidiatUy 1070 
liabesiay 996, 1019 
BalanUdium coliy 1204 
behaviour of chromosomes, 108 
Caulleryellay 1131 
Cercomonas longicaudoy 73. Fig. 41 
Collinia branchiarumy 1174, Fig. 495 
Copromonas ruminaniiuniy 
Copromonas svbtiliSy 73, Fig. 48 
Cycloposihiurn bipalrnatumy 81, Fig. 46 
Dobeuiay 1067 
Eimeria schvbergi, 786 


Syngamy — continued : 

grouping of chromosomes in, 133 
Hcemogregarina stepanowiy 1083 
Hcemoproteus columhoe, 892 
Hepatozoon muriSy 1087 
influence of, 130 
Isoapora felis, 817 
Karyohjaus lacertarumy 1097 
Klossiellay 1078 
Lanleesleria culicia, 1123 
Legerella, 1068 
Leucocytozoon neaveiy 907 
j Monocystis niagna, 73 

! Myxosporidiida, 721 

Ophryocyatity 1128 
Paramecium caudatum, 79, Fig. 45 
Paramecium putrinumy 11 y Fig. 43 
Plasmodium., 917, 934, 941 
Polytoma uvella, 73, Fig. 42 
Poroapora, 1135 
Sappinia diploidea, 82, Fig. 47 
Schizocyafisy 1130 
Spiromonas angusta, 73 
tabular classification, 89 
Thalassicola, 73 
Theileria, 1033 
Tokophyra cyclopum, 122'^ 
Trichoapkerriumy 73 
Trypanoaoinidce, 339 
Vorticella nebulifera, 79, Fig. 44 
Synkanon, 15, 17 
I Syphilis, 1267 
j Syatenua : 

Lipoiropha in, 1132 
Schizocystis legeri in, 1130 
Syzygiuin. 1145 
Syzygy» ii45 

1 Tabanus : 

transmission of Trypanosoma brucei, 518 
transmission of Trypanosoma eranai, 568 
I Tabanus glaucopis, Crithidia subulata, 501 
I Tabanus hilarivSy Crithidia tabani, 358 
I Tabanus tceniola. Fig. 211 
Tabanus tceniola. Trypanosoma theileri, 501 
Tachyglossus aculeatus, Theileria in, 1038 
' Tadpole; 

j Vhilomastix in, 628 

I Euglenoidina in, 284, Fig. 134 

1 Gf/ardi'a agu7j5, 71 1, Fig. 298 

1 Talorcheatia longicor^iis, BalanHdium in, 1211 
j Talpa, Trypanosoma talpcx, 482 

Talpa europoda, Babesia, 

Tamandua tridactyla. Trypanosoma legeri, 482 
Tanypus, Mrazekia te^raapora, 145 
' Tapir, Prototapirella intestinalis ’m, 1217 
' T'arentola annularus, Chilomastix in, 628 
Tarentola mauritanica : 

Leishmania iarantolce, 438, 1303 
leptomonas in, 434 
Pirhcemocyton in, 1052 
Proivazekella lacertce in, 611 
trypanosome of, 585 
Tartar emetic : 

in kala azar, 423 
in oriental sore, 437 
in trypanosome infections, 459 
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TaJttra lobeTigula : 

Chilomastix muris, 627 
Oiardia in, 708 
Trypanosoma lewiai in, 463 
Taxis, 129 
Technique, 1291 
Tdomyxa, 739, 747 , Fig. 318 
Telomyxidse, 739 
Telophase, 13 
Telosporidia, 157, 780 
Tenebrio molitor : 

gregarine in, 1147, Fig. 463 
Ophryocystis mesnili in, Fig. 467 
Tentacle, 36 
Tentaculifera, 36 

Tenue phase of malarial parasites, 9.51 
Teratonympha mirabilis. Fig. 286 
Termite : 

Dinsnympha gra^iliSf 682 
Ditrichomonas termitiSf 670 
Duboscqia legeriy 743 
Oigantomonas hercule/iy 670 
Hypermastigida in, 682 
Janickiella grassiiy 675 
Nyctotherus in, 12(X) 
spirochaetes of, 1276 
symbiosis with dagellates, 1.35 
Trichomiius in, 676 
Trichomonas of, 669 
Trimitus in, 633 
Testacea, 168 

Testndo, Balantidium, in, 1211 
Testudo argeniina, Ernhadomonas in, 620 
Testudo mauritanica, Hosmogregarina mauri- 
tanica, 1105 

Testudo pardaliSy Hcemoproteus of, 899 
TetrachilomastiXf 620, 628 

bengalensiSf 629 

gallinarum, 628 

intestinalisy 629 

Tetractinomyxon, 756 
Tetramitus, 266, 308 

rostratusy 309 

Tetrasporocystid coccidia, 782 
Tetratoxum, 1219, Fig. 525 
Tetratrichomastix, 675 
TetratrichomonaSy 654 
in blood, 271 
Tetrazoic sporocyst, 782 
Thalassicola pelagica. Fig. 77 
Thecamcebida, 169 
Theileria, 988, 991, 992 

action of drugs on, 1038 
Theileria annulata, 1004, 1034 
transmission, 1033 
Theileria brimontiy 1026 

camelensisy 1011 

celliiy 1027 

dispar y 1036 

hirciy 1037, Fig. 430 

kochiy 1029 

mutansy 1035 

ovisy 1004, 1007, 1036 

Theileria parva, 986, 987, 991, 1029 , Fig. 428, 
Plate XVIIl.,p. 986 
cycle in tick, 1033 
immunity, 146, 147 


; Theileria parva — continued : 
parthenogenesis, 89 
transmission, 1032 
Theileria rossicay 1026 

iachyglossiy 1038 

isutsugamushiy 1038, 1039 

Theileridse, 990 
TheileriidsB, 991, 1029 
TheJohaniOy 738, 741 

hracteatay 752 

chcetogasirisy 743, Fig. 316 

fibratOy 762 

illinoisensisy 748 

/ef/en, 748, Fig. 319 

magnuy 750 

minutay 750 

multisporuy 752 

obesa, 756 

— - opacitay 749, Fig. 320 

pyriformisy 750 

reniformisy 753, Fig. 321 

I rotunduy 750 

' varianSy 742, 751 

■ Theobaldiay bird malaria, 979 
i Caulleryella annul aim ir\y 1131 

I ciliate in, 1183, Figs. 501, 502 
; Tick : 

I Aiiaplasmay 1055 

I Babesia bigeminay 995 

j Babesia bovisy 999 

I Babesia cabalhy 1008 

j Babesia equiy 1010 

I Babesia fnotasiy 1(K)6 

I Babesia mutanSy 1002 

' heart water, 1062 

I Hepaiozoon canis in, 1091 

I kala azar, 422 

relapsing fever, 1249 
! Bickettsia in, 1062 

Kooky Mountain fevei\ 1060 
Theileria parvUy 1032 
Treponema anserinuniy 1264 
Treponema revuirentiSy 1249 
'Treponema theileriy 1258 
Trypanoftoma cruziy 495 
Trypanosoma evansiy .569 
Q^rypanosoma melophagium, 507 
Tinea tincay Hmmogregarina laveraniy 1108 
Tineola biseliellay Adclea mesnili in, 1069 
Tipulidee : 

Embadomonas in, 620 
Entamoeba in, 234 
E alrichorrmstix in, 675 
gregarine in. Fig. 4()4 
Hexamiia in, 689 
Polymastix in, 680 
Retortamonas in, 678 
Rhiznmastix in, 297 
Tetratrichomastix in, 675 
Toad: 

Chilomastix in, 628 
Copromonas subtil is, 283 
Cytamoeba bacteriferuy 1051 
Dactylosoma ranaruniy 1039 
Oiardia in, 711 
Hexamiia in blood, 271 
Isospora in, 826 
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Toad — continued : 

leptomonas in, 442 
Leptotheca ohlmacherij 732 
Mastigina hylce, 267 
Monocercomonas bufonis, 308 
Pfotoopalina intestinalia, 1158 
Tcddia bufonist 1050 
Trichonwnaa of, 669 
Trypanosoma grayi, 374, 583 
trypanosomes of, 374, 583, 588, 590 
Toddia bufonis, 1050, Fig. 435 
Tokophryaj internal budding, 70 
Tokophrya cychpum : 
budding. Fig. 532 
cionjugation, Fig. 533 
Tokophyra lemnarum, Fig. 15 
Tolerance immunity, 142 
Tortoise: 

Alphanumas coprocola, 304 
Balantidium in, 121 1 
Eimeria in, 860 
Eimeria miiraria, 859 
Embadomonas in, 620 
Entamoeba of, 233 

Hamogregarina stepamwi, 1081, 1 104 
hicmogregarines in, 1105, 1109 
Hmmoproteufi of, 887, 897 
Hexamiia in, 689 
Hexamita in blood, 271 
OctomcLsiix in, 691 
Protetramitus teMudinu, 310 
Hphccxomonas, 291 
Trichomonas of, 669 
trypanosomes of, 581, 585 
Toxofjodo, 304 

Toxonema, 739, 746, Fig. 318 
Toxoplasma^ 1041 

confusion with Icishmania, 395 
lack of host specificity, 137, 1046 
recorded species of, 1047 
Toxoplasma gondii, 1043, Fig. 432 
maintenance in laboratory, 1313 
Toxoplasma pyrogenes, 437, 1048, Fig. 

433 

Trachelohdella punxiata, relation to fish trypano- 
somes, 603, 606 
Tragelaphus srriptus : 

Babesia in, 1027 
spirochtete of, 1259 

Tragelaphus spekei, reservoir of Trypanosoma 
gambiense, 538 
Tragelaphus sylvaticus : 

Trypanosoma ingens, 507 
Trypanosoma tragelaphi, 507 
Tragulus javanicus, trypanosome in, 507 
Trailing fiagellum, 32 
Tremaiomus bernacchii, Cryptobia in, 641 
Trench fever, 1060 

haQinogregarine in, 272 
Trepomonas, 268, 711, Figs. 299, 300 
Treponema, 1234, 1237, 

Treponema tegypticum, 1247 
Treponema anserinum, 1261, Fig. 547 
Balfour’s bodies, 1065, 1262, Fig. 548 
development in tick, 1264 
Hindlegs cycle, Fig. 550 
intracellular stage, 1262 


Treponema anserinum — continued: 
susceptibility of animals, 1262 
transmission, 1264 
Treponema berberum, 1247, 1248 

buccalis, 1272 

carteri, 1247 

cuniculi, 1269 

dentium, 1272 

i duUoni, 1247, 1248 

I hispanicum, 1247, 1248 

I kochi,\2^1,\U^ 

I macrodentium, 1272 

■ medium, 1 272 

I microdentium, 1272 

I neotropicalis, 1247, 1248 

i novyi, 1247, 1248 

I pallidum, 1267, Figs. 551, 552 

' parvum, 1276 

' persicum, 1247 

pertenue, 1269, Fig. 553 

I Treponema recurreniis, 1244, 1247, Fig. 542 
action of drugs, 1257 
bed bug, 1251 
cultivation, 1 256 

development in invertebrate, 1252 
granule phase, 1253, Fig. 546 
Hmmatopinus, 1251 
' louse, 1252, Fig. 545 
morphology, 1^5 
Orntthodorus, 1249 
passage through filters, 1257 
Pediculus, 1250 
serology, 1247 

susceptibility of animals, 1256 
transmission, 1248 
Treponema refringens, 1272 

rossi, 1 247 

schavdinni, 1270, Fig. 554 

sfylopygie, 1276 

theileri, 1258 

tropiduri, 1267 

venezudense, 1247 

vincenti, 1271 

Treponemella, 1236 
Triactinomyxon, 757, Figs. 324, 325 
Triadinium, 1216, Fig. 522 
Triatoma, Trypanosoma cruzi, 493 

megista. Fig. 208 

protracta, Trypanosoma triatomce, 498 

Triatoma rubrofasciata : 

Crilhidia conorhirue, 497 
Trypanosoma boylei, 497 
Tricaudalia, 1219 
Tricercomonas, 634 

Tricercomonas intestinalis, 634, 714, Figs. 261, 
303 

cultivation of, 1297 
Trichite, 42, 1176 
Trichocera^ Entamoeba of, 234 
Trichocysts, 45, 157 
T'rkhodectes pilosus, Rickettsia in, 1062 
Trickodina, 1224, Fig. 530 
TrichoUmax hylce, 267 
Trichomasiix, 672 

Trichomastix cuniculi (Tanabe, 1926— see 
references) 

Trichomastix hominis, 306, 674 
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Trichomtiua, 676 
Trichomonadidse, 268, 287, 646 
Trichomonas^ 648 
Amphibia, 669 
axostyle, 42 
binary fission, 63 
birds, 669 
crocodile, 669 
cultivation, 1296 
fish, 669 

in blood of man, 272, 653 

invasion of blood-stream, 669 

invasion of intestinal mucosa, 272, 653 

leeches, 669 

lizards, 669 

mammals, 668 

molluscs, 669 

nutrition, 124 

parabasals in, 120, Fig. 67 

relation to Eutrichomastix, 672 

snakes, 669 

Sphcerita in, 662 

survival in faeces, 271 

termites, 669 

tortoise, 669 

Trichomonas atigusta. Figs, 272, 273 
parabasal. Fig. 67 

Trichomonas botrachorum, 669, Fig. 275 
axostyle during division, 122 
Trichomonas bonasce (Tanabe, 1926 — see refer- 
ences) 

Trichomonas huccalis, 656 

caiidata, 656 

cavice, 666, Fig. 274 

conjusa, 648 

dogidi, 633, 676 

eberthi. Fig. 265 

elongata, 656, Fig. 269 

flagellata, 656 

flageUiphoray 668 

Trichomonas gallinarum. Fig. 265 
cultivation of, 1297 

Trichomonas hominisy 648, 715, Figs, 266, 289, 
303 

cultivation, 652, 1297, 1299 
invasion of blood-stream, 653 
invasion of tissues, 653, Fig. 267 
pathogenicity, 653 
varieties of, 664 
Trichomonas immsi, 671 

leivisi, 463 

mdolontha;, 680 

Trichomonas muris, 660, Fig. 271 
axostyle during division, 122 
Sphcerita in, ^2 
I'richomoruis obliqua, 621, 648 
Trichomonas oti (Tanabe, 1926— see refer- 
ences) 

Trichomonas parva, 666 

Trichomonas passodi (Tanabe, 1926 — see refer- 
ences) 

Trichomonas (Fentatrichomonas), human. Fig. 
26 

Trichomonas pulmonaliSy 667 
Trichomonas sanguisugoe : 
cultivation of, 1 297 

Trichomonas kypanoides, 656, 671, Fig. 268 


Trichomonas vaginalis, 658, Figs. 27, 270 
gigantism, 130 

I Trichonympha agilis, Fig. 286 
' Trichoptera : 

Embadomonas in, 620 
EutrichomasHx, 675 
Trichostomata, 1163, 1164, 1175 
I Trilobus gracilis : 

I leptomonas in, 320, 348 
I Trimastigamceba philippinensis, 262, 266 
I Trimiius, 633, Fig. 260 
I Trincma, 171, Fig. 83 
' Trionyx indicus : 

Hcemoproteus of, 887, 897, 901 
Tripalmaria, 1218, Fig. 625 
Triton pyrrhogaster, trypanosome of, 699 
Troglodytdla, 1220, Fig. 626 
Trophozoite, 67 

Tropidonotvs ferox, trypanosome of, 685 

piscalor, trypanosome of, 688 

stolatusy spirochffite of, 1267 

Tropidonotus torquatus : 

malarial parasite in, 982 
spirochaete of, 1267 
Trout, trypanosome of, 699 
Trypan blue, action on Babesia, 1038 
1 Trypanoide, 381 
' Trypanomonas murium, 463 
. Trypanomorpha, 317 
1 Trypanophis grobbeni, 640 
•; Trypanoplasma, 636, 642 
' relation to trypanosome, 316, Fig. 151 

. Trypanoplasma abramidis. Fig. 151 
' Trypanoplasma borrdi, 643, Fig. 151 
transmission of, 644 
Trypanoplasma congeri, 640 

cyprini, 644, Fig. 264 

dendrocodiy 640 

inlestinalisy 640 

isidorasy 640 

keysselitziy Fig. 151 

sagittoCy 642 

vaginalisy 640 

variumy cultivation of, 643, 1303 

ventricoliy 640 

Trypanoplasmoides intestinalisy 641, Fig. 263 
Trypanopsis malignusy 273, Fig. 122 
Trypanosomay 319, 442 

abramidis, 605, Fig. 243 

aceriruB, 605 

acomys, 476, Fig. 201 

aoouchii, 478 

akodoni, 479 

americanum, 498 

anceps, 539, 641 

angolense, 659 

annamense, 566, 671 

avicularis, 476, Fig. 201 

balbianii, 1240 

bandicotti, 478 

barbartulcB, 603, 605 

barbi, 606 

bdli, 690 

berberum, 666 , 671 

I blanchardi, 140, 476 

! bocagei, 690 

' hordli, 690 
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Trypamaorm bomti, 583 
struoture of nucleus, 329 
Trypanosoma hovis^ 659, 660 

hoylei, 467, 497 

hrazilif 688 

brodeni, 482 

Trypanosorrm brwei, 539, Fig. 225, Plate V, 
p. 466 

cultivation of, 1305 

curve of lengths. Fig. 196 

cycle in fly, 646, Fig. 226 

development in tsetse fly. Fig. 217 

human strain of, 647 

infection by single trypanosome, 141 

mitosis in, 327 

morphology, 643 

relation to ^me, 608 

relation to 5^. rhodeaienae, 139, 548 

reservoir hosts, 546 

serology, 451 

serum-resistant strains, 150 
susceptibility of animals, 542 
transmission, 545 
vaccination against, 147 
Trypanosoma capra>, 564, Fig. 233, Plate V., 
p. 466 

relation to game, 608 
Trypanosoma carassii^ 605 

castellan a f 524 

cazalboui, 559 

celHi, 552, 556 

cepholophi, 507, Fig. 210 

chamceleonis^ 583 

chaiioni, 590 

chelodinay 588 

dtelliy 478 

clozeliy 585 

confusurny 55 2 

Trypanosoma congolense, 552, Fig, 227, Plate V., 
p. 456 

cycle in fly, 554, Fig. 228 
effect of passage through goat, 140 
development in tst'tse fly. Fig. 218 
relation to T, nanuniy 140 
reservoir hosts, 554 
transmission, 554 
Trypanosoma cotiiy 603, 606 

cricetiy 478 

crocidtirasy 479 

Trypanoso^na cruzi, 486, Plate V., p. 456 
cultivation, 493 
cycle of. Fig. 205 

development in Rhodnius proHxus, Fig. 209 
development in tissues. Fig. 206 
flagellates related to, 497 
mitosis in, 327, Fig. 156 
morphology, 488 
multinucleate forms, 339 
multiplication, 490, Fig. 207 
reservoir hosts, 496 
supposed schizogony, 492 
susceptibility of animals, 493 
symptomatology, 488 
transmission, 493 
Trypanosoma cuniculiy 478 

damonujBy 681, 587 

danilewskyi, 605 


Trypanosoma denysi, 482 

deveiy 484 

! diemyctyliy 699 

Trypanosoma dimorphony 552 
cultivation of, 1305 
mitosis in, 327 
I Trypanosoma dionisU, 479 

dttW, 639, 541 

duttoniy 475, Fig. 201 

eburneenscBy 479 

elegansy 690, 596, 605, Fig. 241 

eUphantiSy 510, 639, 541 

diomysy 476 

equiy 539 

equinuMy 566,572, Plate V., p. 466 

Trypanosoma equiperdumy 574, Plate V., p. 456 
direct transmission of, 131 
latent body, 332 
morphology, 576 
serology, 462 

susceptibility of animals, 575 
transmission, 576 

Trypanosoma erythrolampri, 585, Fig. 236 

, escomeliy 486, 490 

Trypanosoma evansiy 666, Fig. 234, Plate V., 
p. 456 

curve of lengths, Fig. 19C 
immunity, 145 
morphology, 667 
reservoir hosts, 510, 570 
' transmission, 'i67 
Trypanosoma evansi var. mboriiy 666, 570 

evotomys, 476 

faUhawiy 498 

fordiiy 524 

franky 498 

fringilUnarumy 579 

frobeniusiy 552, 556 

galJinarumy 580, Fig. 235 

gaily L 585 

gambue^ 524 

Trypanosoma gambiensty 524, Fig. 222, Plate V., 
p. 456 

action of serum on, 138 
cultivation, 530 
cycle in fly, 534, Fig. 224 
cycle in man and fly, Fig. 223 
development in tsetse fly, Fig. 217 
in tissues, 526, Fig. 221 
kinetoplast, 331 
latent body, 332 
mechanical transmission, 534 
morphology, 528 
relation to crocodile, 582 
relation to T, bruceiy 539, 548 
reservoir hosts, 538 
serology, 451 

' susceptibility of animals, 530 
transmission, 531 
variations of virulence, 137, 139 
Trypanosoma giganteum, 599, 603 
gigasy 478 

j granulosumy 603, 605, Fig. 243 

' Trypanosoina grayiy 373, 582, Jf^lg. 173 
development in tsetse fly, Fig. 220 
Trypanosoina grosiy 476 
guisfhaniy 479 
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Trypanosoma hemidactyli, 441 

hendersoni, 590, 5^ 

heybergi, 480, Fig. 201 

himalayanumf 498 

hippicum, 566, 672 

h^iniSf 524 

hylcB, 590 

ignotum, 557 

indicum, 478, 498 

ingtns^ 607, 608, Fig. 210 

inruminatumf 6W 

TrypaTioaorm inopinatum, 688, 590,506, Fig. 241 
cultivation, 698 
transmission, 597 

Trypanosoma karyozeukton, 590, Fig. 238 

kochi, 374, 682, Fig. 236 

langeroni^ 606 

legeri, 482, Fig. 201 

leptodactyli, 690, 699 

leachenaultii, 683 

lesourdif 483 

leucisci, 605 

Trypanosoma lewisi, 463, Plate V., p. 466 
agglomeration, 317, Fig. 152 
autogamy, 85 
binary Assion, 84, 69, 465 
cultivation of, 468, 1299, 1303 
cycle in flea, 469, Figs. 199, 200 
development in bug, 475 
development of. Fig. 197 
flbres in, 122, 323 
immunity, 146, 146, 148, 149 
latent body, 332 
maintenance of laboratory, 1313 
mitosis in, 327 

morphology of, 465, Fig. 179 
multiplication of, 64, 69, 466 
refvactile granule in, 323, Fig. 154 
serology, 461, 467 
specific to rat, 138, 464 
spheres, 68, 471 
syngaray, 339 
transmission of, 468 
unequal division, 69 
virulence of, 464, 468 
Trypanosoma lewisi var. primafum^ 485 

lineatuSf 479 

lingardif 498 

longocavdense, 463 

lorimtum. Fig. 238 

hxia:, 680 

mabuioe, 583, Figl 236 

marocanum, 566, 671 

— — martini, 583 

mauritanica, 439 

mega, 690, Fig. 238 

megadermcE, 479, Fig. 201 

melophagia, 502 

Trypanosoma melophagium, 602, Figs. 213, 214, 
216 

cultivation, 506, 1304, 1309 
cycle in ked, 605 
inoculation of animals, 395, 506 
lack of immunity, 142 
structures resembling cysts, 504, Fig. 214 
Trypanosoma microti, 476, Fig. 201 
mmasenM, 483, Fig. 203 


Trypanosoma morUgomev^, 552, 556, Fig. 229 
relation to game, 508 
Trypanosoma morinorum, 480 

muktesari, 498 

Trypanosoma muUiforme, 539, 641 
relation to game, 508 
Trypanosoma musculi, 476 

myoxi, 476 

nabiasi, 478, Fig. 201 

najas, 586 

Trypanosoma nanum, 552 

relation to T. eongohnse, 140 
Trypanosoma nelspruitense, 690 

nicoUeorum, 479 

nigeriense, 524, 628 

nince koU-yakimov, 671 

Trypanosoma noctum, 679, Fig. 236 
fibrils in, 122, 325 
mitosis in, 327 
syngamy, 339 

Trypanosoma otospermophili, 478 

paddcB, 577, Fig. 236 

Trypanosoma pecaudi, 539, 641 
cultivation of, 1305 
Trypanosoma pecorum, 652 
relation to game, 508 
Trypanosoma percm, 601, 605, Fig. 243 
myonemes, Fig. 28 
Trypanosoma peromysci, 476 

perroteii, 583 

pertenue, 583 

pestanai, 483 

phoxini, 605 

phyllostomoe, 479 

platydactyli, 438, 585 

pontyi, 688 

primeti, 588, Fig. 236 

prowazeki, 483, Fig. 203 

rabinowitschi, 476 

Trypanosoma rajce, 603, 606 
cycle in leech. Fig. 247 
granule in, 323 
Trypanosoma rattorum, 463 

remaki, 599, 605, Fig. 243 

rhesi, 483 

Trypanosoma rhodesiense, 539, 647 
cultivation of, 1305 
kinetoplast, Fig. 157 
latent Dody, 332 
morphology, 651 
relation to g^anie, 508 
relation to T brucei, 139, 548 
relation to T. gambiense, 648 
reservoir hosts, 661 
susceptibility of animals, 551 
transmission, 551 

Trypanosoma roiatorium, 588, 690, Fig. 239 
cultivation, 694 
fat globules in, 323 
serology, 463 
structure of nucleus, 329 
superimposed infections in, 142 
transmission, 593 
Trypanosoma rougeii, 574 

rovumense, 624 

ruandai, 567 

rutherfordi, 498 
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Trypanosoma sanguinis, 463, 588 

■ scardinii, 606 

scheini, 498 

schonebecki, 498 

scyllii, 603, 606 

Trypanosoma simice, 557, Fig. 230, Plate V.. 
p. 456 

cycle in fly. Fig. 231 
morphology, 558 
relation to game, 608 
transmission, 558 
Trypanosoma soke, 603, 606 

somaliense, 552, 65(), 590 

• — soricis, 482 
soudanense, 566, 571 

— — spermnphili, 478 

sgualii, (i05 

snis, 539, 541 

'tyrnii, 580 

talpcp, 482, Fig. 201 

Trypanosoma theileri, 498, Fig. 210, Plate V.. 
p. 456 

cultivation, 500, 1304 
in antelope, 507 
mitosis in, 1(4, 327, Fig. 156 
transmission, 500 
Trypanosoma iinrw. Fig. 243 
togoUnse, 539, 541 

- — iragelaphi, 507, Fig. 210 

■ — transvaaliensc, 498 

triatomwy 498 

triton is, 599 

tullochii, 524 

tumida, 590 

-- — ngandfv, 539, 540. 

Ugandan sf, 524 

und'ulans, 590, 596, Fig. 241 

Trypanosoma un^'forme, 565, Fig. 232, Plate V., 
p. 456 

Trypanosoma rarani, 374, 583, 599 

rariahile, (>03 

Trypanosoma revezuflvise, 566. 672 
reservoirs of, 510 

Trypanosoma resjtotiJionis, 479, Figs. 201, 202 

vickersfv, 483, Fig. 203 

vittat(ry 585, 237 

Trypanosoma vivax, 559, Fig. 232, Plate \,, 
p. 456 

cycle ill fly, 561, Fig. 233 
development in tsetse fly. Fig. 219 
in man, 564 
ill 8outh America, 564 
morphology, 561 
reservoir hosts, 5()1 
transmission, 561 
Trypanosoma woodcocki, 502 

wruhlewskii, 498 

xerL 482 

Trypanosomatida} ,317 
Trypanosomes: 

action of drugs on, 459 

action of sera on, 451, 459 

agglomeration, Fig. 152 

binary fission, 63, Fig. 160 

classification of, 456 

olasaifloation of pathogenic forms, 621 

culture of, 454, 1300 


Trypanosomes — coniinued : 

developing in anterior station, 607 

discovery by cultivation, 464 

discoverj'- by development in insect, 466 

drug-fast strains, 460 

fijter passers, 520 

history of discovery of, 443 

identification in tsetse flies, 616 

immunitv, 450 

intection by milk, 519 

inoculation of invertebrates, 614 

maintonaiKie in laboratory, 1310 

mechanical transmission of, 513 

mechanism of transmission in Africa, 611 

method of division. Fig. 160 

methods of distinguishing, 444 

morphology of, 445 

movements of, 444 

of Amphibia, 588 

of antelope, 507 

of bats, 479 

of birds, 577 

of cattle, 498 

of Cheiroptera, 479 

of crocodiles, 581 

of fish, cultivation, 606 

of fish, cycle in leech, 603 

of land reptiles, 581 

of man, 486, 524, 547, 664 

of rodents, 463 

of sheep, 502 

of small mammals. Fig. 201 
of tortoises, 581 , 585 
origin of, 318 

juissage from parent to offspring, 518 
pathogenic of Africa, 508 
pathogenicity of, 449 
placental infections, 519 
proved vectors in Africa, 517 
relation to game in Africa, 508 
serology, 451 

seru m -res i st an t st rains, ] 50 
treatment of infections, 459 
Trypanosoinidfe, 268, 286, 312 
anterior station, 344 
attached forms, 343 
binucleate view, 332 
classification of, 344, 346 
cysts, 48 

cysts as resistant structures, 351 
cytology, 321, Fig. 154 
division into genera, 318, Fig. 153 
encyst ment, 341 
flagellum, 333 

general features of life-history, 342 

hereditary transmission, 360 

inoculation from insect to insect, 395 

inoculation from insects to vertebrates, 392 

kinetoplast, 329 

latent body, 332 

method of division. Fig. 160 

mitosis in, 327, Fig. 156 

multinucleate forms, 338, 363 

nuclear division. Fig. 166 

nucleus, 326 

of invertebrates, 1402 

orientation of types, 316 
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TrypanoBomidae — continued : 

penetration of eggs of host, 360 
posterior station, 344 
post-flagellates, 344 
pre>flagellates, 344 
relation of types, 312, Fig. 150 
reproduction, 336 
syngamy, 339 

systematic description of genera and 
species, 348 

tabular classification, 346 
undulating membrane, 335 
union of nucleus and kinetoplast, 332 
Trypanosomorphidse, 317 
Trypanozoon brucei^ 539 

congolense, 552 

equiperdum, 574 

evansi, 566 

lewisi, 463 

nanum^ 552 

suiety 539, 641 

theileriy 498 

vivaxy 559 

Tryparsamide in tr^anosome infections, 462 
Tsetse fly (see also Olossina) : 
dissection of, 1329 

mechanism of trypanosome transmission, 
511 

spirochaotes in, 1275 

Tsetse-fly areas, domestic animal - infected in, 
508 

Tsutsugamushi disease, 1038 
Tuhifex : 

ciliate of, 1165 
Mrazekia caudatOy 744 
Triactinomyxon in, 757, 759 
Turbellarians, ciliates in, 117u 
Turkey; 

blackhead, 291 
Eimaria avium, 856 
Turtle, Entamceba of, 233 
Typhlopaylla aaimilifi : 

Hepatozoou pitymysi, 1112 
Tripanosoma rabinowitschi, 478 
Typhus, 1060 


Ulcus tropicum, 1270 
Ultra-microscopic viiuses, 4 
Undulating membrane, 34, 269 
in ciliates, 34, 1160 
in Cristispira, 1234, 1240 
in Trypanosomida*, 335 
Undulina ranarum, 588 
Urea stibamine in kala azar, 423 
Urinary amoobiasis, 192 
Urodoles, trypanosomes of, 599 
UroleptuSy endomixis, 56 
Uronema, 1163, 1180 

caudatum, 1180 

marina. Fig. 500 

rabaudi, 1 1*83 

Urophagusy 685, 686 
Urosporidium, 774 

Urostyla grandis, amicronucleate race of, 
26 

Uta,424 


Vaccination, 147, 148, 454,. 1283 
Vacuoles, 27 
Vahlkampfia, 160, 177 

calkensiy 179 

debeliSy 179 

Vahlkampfia dobelli, 179 

nuclear division, 101, Fig. 58 
Vahlkampfia magna, 179 

patuxenty 178, 179 

punctata. Fig. 90 

ranarum, 179 

soli, 261 

whitmoreiy 179 

Vampirops lineatus, Trypanosoma lineatus, 479 
Vampyrella lateritia, 166, Fig. 76 
Varanus exanthematicus : 

Trypanosoma grayi, 582 
Trypanosoma varani, 374, 583 
Varanus griseus^ Isospora in, 826 

niloticu'iy Giardia in, 711 

Vegetative chromatin, 51, 61 
Verruga peruviana, 1059 
VespertiUo : 

malarial parasites in, 973 
spirochflete in, 1260 
Trypanosoma vespertiliotiis, 479 
Vesperugo : 

Babesia in, 1023 
malarial parasites in, 973 
Trypanosoma vesperiilionis, 479 
Vesperugo pipistrellus, spirochaite in, 1260 
Vestibuliim, 29, 1224 
Vianella, Giardia in, 709 
Viereckia tetragena, 184 
Vincent’s disease, 1271 
Viper a ; 

' Carynspora simplex, 865 
Cyclospora, 806 
Virulence : 

Babesia bigemina, 998 
Babesia horis^ l(X)f) 

Babesia caballi, 1(K)8 
Babesia vanis, 1012 
Babesia equi, 1(XJ9 
Babesia motasi, 1006 
Babesia mutans, 1002, 1035 
Babesia ovis, ](X)7 
Babesia serge nti, UK)7 
Balantidium coli, 1205 
effect of fly transmission on, 139 
Entamoeba histolytica, 204 
He'patozoon muris, 1086 
Letshmania donovani, 413 
Leishmania tropica, 431 
Leptospira icterohirmorrhagice, 1278 
Leptospira interrogans, 1283 
Plasmodium falciparum, 935 
Plasmodium inui, 969 
Plasmodium proecox, 979 
Theileria parva, 1031, 1035 
Treponema anserinum, 1262 
Treponema recurrent is, 1246 
Trypanosoma brucei, 542 
Trypanosoma cruzi, 493 
Trypanosoma evansi, 566 
Trypanosoma gambiense, 528, 530 
Trypanosoma inopinatum, 597 
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Virulence — continued : 

Trypanosoma Uioisi, 464 
Trypanosoma paddm. 677 
Trypanosoma rJiodesiense^ 648 
Trypanosoma rotatorium, 692 
Trypanosoma vivax, 559 
variations of, 139 
Visoacha; 

Chilomastix rosenbuschit 628 
Chilomitus, 310 
Enieromonas, 307 
Oiardia in, 708 

Vitria elliptica, Klossia vitrina^ 1074 
Viverra civetta : 

Babesia in, 1026 
Isospora viverrm, 814 
Vole: 

Babesia in, 1026, 1026 
Orahametla, 1058, Fig. 439 
Volutin, 29, 125 
Volvox, 179, 278, Fig. 129 
“ Vtui Heyden 471 ” in kala azar, 423 
VortkfMa, 39, 44, 1223, Fig. 19 
conjugation, 79, Fig. 44 
c<mtraction of stalk, 128 
unequal division, 70 

Wallaby, Eimeria macropodis, 856 
Wardia, 725, Fig. 307 
Wart hog: 

Trypamsonui suuice, 559 
trypanosomes of, 51 1 
WasielewsJciat 202 


I Waskia belosiomce, 620 

I intesHnaliSf 616 

i wenyoni, 620 

j Wassermann reaction, 453, 1269 
1 relapsing fever, 1248 

I Water buck, trypanosomes of, 511 
i Weil’s disease, 1277 
1 Wet fixed films, 1320, 1334 
Whiting, Mrazekia piscicohif 746 
W’ildebeest, trypanosomes of, 611 
Wolf, Babesia in, 1021 

Xenodiagnosis, 460 

Xenopsylla chceopis, Trypamsoma lewisif 473 
Xenopus Icevis : 

Chilomastix in, 628 
Icptomonas in, 442 

Xerus erythropus. Trypanosoma xeri, 482 

Yak, Babesia in, 1028 
Yaws, 1267 
1 Yellow fever, 1281 

I Paraplasmi flavigenum, 1284 

1 transmission of, 1283 

Zebra, Babesia in, 1011, 1027 
I Zebra mouse, Babesia avicularis, 1024 
Zebu, Theileria parva in, 1030 
I Zelleriellay 1153 
Zenker’s fixative, 1321 
Zoomastigina, 268, 274, 285 
Zorilla, malarial parasite in, 974 
Zschokkella. m Fig. 307 
• Zygote, 8 
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